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FOREWORD 


“There's something special about bringing a project to ife that you read about ín a book or that started 
as an idea in your head. And sometimes the simplest things are the most satisfying 

‘One of my favorite childhood projects was a mischievous little device made of a single resistor 
connected between the tip and ring of a telephone line. Tused a piece af one-sided copper circuit. 
board with rub-of symbols to lay out the design, and then I etched the unprotected copper away using 
errie chloride in my basement. You could still use the phone normally to make outgoing calls, but 
anyone calling the house would receive a busy signal. This was the perfect way to make sure my 
Pareres didn't receive any phone calls tom my teachers during dinner! 

A few years later, I modified a garage door opener to open any door ofthe same brand. In normal 
operation, the passwords on the transmitter and receiver were manually set with a series of 10 DIP 
switches. Ite transmission signal matched what the receiver was expecting, hen the garage door 
‘would open replaced the switches on my transmitter with a common 555 timer IC, o generate 8 
clock signal, and a 10-stage binary counter, a type of digital logic device, 10 automatically try every 
single possible combination (ars 2" or 1,024 attempts). Within few minutes of holding down the 
bution, the correct password would be runsmitted and he garage door would open! [never wed my 
universal "brute-force" garage door opener för malicious purposes, but it reinforced my hacker 
mindset —solving problems with unconventional solutions, pushing the limits of technology, barning 
"0 one, and learning through constant questioning and experimentation {also thought it was prety 
‘ool 1o be able to modify an off-the-shelf device and make it do something the original designers 
probably never anticipated. 

When Twas much younger, Esomshow ended up with a 6 V later battery and a spring fom an 
adjustable lamp. 1 wondered, "What would happen if I connected the spring between the battery 
terminals?” So af course, I ried it The spring got hotter and boner wl teaked ou, plucked it off 
"be terminals, and threw int the bathroom sink. | had created a short circuit by connecting the 
positive and negative terminals of the battery together, causing current to flow between them. 1 never. 
Tooke at bateries and springs the same way again. 

{remember ring to build my awn alarm system for my bedroom door, sort af a low-tech version 
ofthe one you'll build in Chapter 1 1 hung an old AM/FM radio from hook onthe back of my door, 
tumed it to statie, turned the volume up to mixinum, and “armed it by connecting the sliding power 
switch to a wire Tad attached to my wall. In theory, when the door opened, the wire would pull the 
switch and tum on the radio, blasting white noise at the intruder, That dat happen. Instead, when 
my dad opened the door, the radio slid off the hook and crashed onto the floor. Back t the drawing 
board on that ane! 

These stories are meant to do one thing: inspire you to explore the wonderfil, wild world of 
elccrons. and this book is the perfect launch pad! Oyvind breaks down comple electronics 
fundamentals in an enjoyable, fin way. His passion for electronics and his love for teaching shine on 
every page. Starting with the basies and building up fom there, you'll end up with the power to 
‘create bigger, better, faster, and more intelligent projects on your own There's no better way to 
than by doing. So go bead, turn the page and begin your adventure into all that electronics has to 
oer! 
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NTRODUCTION 


Welcome to Electronics for Kis! This book will teach you bow to make col things by puting 
together the same parts dat ar inside televisions, electronic toys, radios, and all te other gadgets in 
the world. You'll build fin experimens, like a light powered by lemons, as well as use (but still 
fu) projects, like an intruder alarm and musical instrument. 


You'll do more than just follow directions, however: you'll also lear bow every component in each 
project works 

My hope is that when you know how those components work, you'll see how to create your own 
inventions by combining the componens in different ways. Blinking lighe is one ofthe first things 1 
learned how todo with electronics. When saw how that worked, a whole new world suddenly 
opened upto me, Sine then, I've built robots, musie players, miniature computers, and even a device 

a wall! With practice, you can build those things, too and this book will 

‘you need to start the journey: 








ABOUT THIS BOOK 


When [was about 14 years old, T thought computers were cool, but had no idea how they worked. 
‘They seemed magical, and T tbough T'd never understand them or be able to build one: Luckily, my 
dad was an engineer, and he bad a very good way of explaining things. When T asked questions, he 
showed me not only how things worked but also bow E could build something similar myself 


{rote this as the book would have loved to have had as a kid, and I hope you enjoy it! 








Who Should Read This Book 

Moyse ever looked at an electronic gadget and thought, "How does that work?" or “How can T 
make dar" as 1 did, then you're in the right place. Whether you're 8 or 100 years old, as Tong as 
you're curious and have a playfi spirit, this book is for you, 





Howto Read This Book 


1 recommend you read this book in order, because every chapter builds upon conces and skills 
covered in previous chapters, 

Each chapter as at least one hunds-on project. Bud these projects! Electronics is a very 
practical skill, and reading about how a component works or what a project should do is different 
"iom experiencing it yourself Just be sure to read a project in full before you dive into itso you 
understand the steps involved. 

you encounter problems as you build a project, don't worry: that happens to everyone at some 
point when working with electronies—-even me. Just keep at it, study your circu, and rewire the 
"Whole project if esded to get it working When you've been banting o get a circuit working for a 
couple of hours, then suddenly find the errar and your cireuit works, you'll feel amazing! If you pet 





stuck, grab a friend or family member und ask them to help out. 


ober are paris ofthe book you dor t understand right away, recommend you keep on reading. 
Don't et details stop you. Come back to that particular toic later when you have some more projects 


under your belt. 


What's in This Book? 
As you work through this book, you'll build your knowledge of electronics gradually, starting with 
basie bur esseatal—information and simple circuits. Aer the basis, you'll build more complex. 
circuits and meet components like resistors, capacitors, transistors, and integrated circuits, To see 
how the components work and o understand electronics in a practical way, you'l build fn projects 
in every chapter. 

At the end ofthe book, you'll build one final, epi project: a game to play with your fiends. By 
then, you'll have enough experience and knowledge to modify the game or even build a totally new 
game you invent yourself! 

“This book is divided imo three parts. Part I: Playing with Electricity is the foundation fr the 
test ofthe book. I's all about fundamental knowledge and how electricity actually works 














» Chapter 1: What Is Electricity? introduces the science behind electricity and describes the basie 
requirements for a circuit ture something on. 


» Chapter 2: Making Things Move with Electricity and Magnets shows you how you can move 
‘objects with electricity. In this chapter, soll build a motor from scratch. 


> Chapter 3: How to 
provide electric 





Generate Electricity describes how batteries and power plugs in the wal 
Ofcourse, you'll build your own electricity sources, oo! 





Part 2: Building Circuits is where you really get your hands dirty. You'll meet some ofthe most 
important components in electronics, and you'll learn bow to build both permanent and temporary 


> In Chapter d: Creating Light with LEDs, you'll build circuits on a breadboard for the first time to 
create a prototype, which s justa temporary circuit. You'll learn about resistors, light-emitting 
diodes (LEDS), and how to use those paris together. 

» Chapter 5: Blinking a Light for the First Time shows bow two new components, capacitors and 
relays, work You'll even combine these with an LED t create a circuit that blinks a light, 

P Chapter 6: Let's Solder! teaches you bow to solder. With soldering, you can transforma circuit 
foma prototype to a proper device that will last for years to come, 

» Chapter 7: Controlling Things with Electricity introduces the transistor, a component tat ets a 
‘circuit control other circuits. You'll learn how transistors work and how fo we them to build a 
ouch sensor and a simple alarmelock. 

> In Chapter 8: Building a Musical Instrument, you'll learn what an integrated circuit is and how 
circus ean make sound. You'll combine this knowledge to build a musical instrument. 








Part 3: The Digital World introduces digital electronics, which almost all modern technology is 


based upon. 





>In Chapter 9: How Circuits Understand Ones and Zeros, you'll ear about 1s and Os, bits and 


bytes, and how to we tem to communicat 

> Chapter 10: Circuits That Make Choices teaches you how to build smart circuits that use logic to 
‘make decisions, You ll build a secret code checker and learn how you can combine it with your 
imruder alarma 





> Chapter 1: Circuits That Remember Information shows how you can use logie gates to create 
circuits that emenber information in a way similar to a computer Then, you'll se this o create an 
lecronic coin tosser, 


» Chapter 12: Let's Make a Game! is dedicated to one large project: Youli pet to show off your 
new skills by combining all the knowledge from the book o make a reaction speed game. 





Finally, soul find a Handy Resources appendix at the back of the book, which includes cheat 
sheets for figuring out component vales, doing some essential electronics calculations, and so on. 
You'll learn about those concepts in detail throughour th book, but even electronics expers need a 
quick reference every ow and then! 





YOUR ELECTRONICS LAB 


The wonder thing about electronics projects ìs thut your “ab” canbe anywhere you want—it 
doesn't have w be a garage or workshop. All you need is a flat surface to work on, with enough room 
for your tools and components. Just gather the supplies to build your Last invention, and you're set. 
Each project inthis book includes a convenient list ofthe electronic componens and tools needed 
to build it. Before you dig into a project, check its Shopping List to make sure you have all the 
materials, I've also eremed a complete list of all the components and tools youl need for all the 
projects inthis book, which you can find linked fromthe book's web page at 
hps: vv mostarch com/electronicsforkids/. This list should always have the most up-to-date part 
munbers and links to kits you can buy that contain all the necessary componens 








Useful Supplies 


Whether you're building the projects in this book ar other projects on your own, there are a few 
supplies that will always come in handy: 


» A digital multimeter (Jancco #2206061, Bitsbox #TLOST, Rapid Electronics #55-6662) for 
‘esting connections and making sure a project is working correctly. 


> A pair of wire cutters (Jamsca #35482, Bitsbox #TLOOS) 
» A big spool of insulated wire (Janeco #36792, Bitsbox #WI06BK) 
> Electrical tape to protect bare wires or fasten su 

» 9 V batteries nearly every project in the book uses one! 

> A bunch of LEDs (Jameco #18041, Bitsbox #K033) 


>A bunch of resistors (Jamcco 42217511, Bitsbox #K017) 
» Safety glasses 1o wear when sniping component lads, stripping wires, or soldering, 
‘You can buy most ofthese om your local hardware store or ftom any online electronics retailer, 


ike Jumeco tpi: jameco com), SparkFun (hp./we spark fiun.cam), or Bisbox 
Chep: birsen: co.uk’) Check ou "Online Electronics Stops" on page 286 fr more options. 


You might also want to havea pair of scissors, some serap paper, and pencils to tike notes. 





Safety First! 


AIL he circuits inthis book use a low voltage, and cy re not dangerous to build and play with. That 
Said, there are a few safety tps 1o keep in mind when using electronic components and tools: 





> Wear safety glasses when rimming components or soldering 


» Use tools only fr their intended purpose. Soldering irons are bot, and wire cutters are sharp—if 
imed improperly, they can hurt you. I you're confised about how to use a tool, ask an adult for 
de. 

» An adult should supervise younger children when they're working with small components, older, 
tools, and so onto teach tem ow to use everything safely. 


P Keep electronic parts out ofeach of babies and very young children. 


> Most projects inthis book use batteries, bu some do use power toma wall outlet. Follow the 
instructions for those cireuisearfilly. Never plag components directly into a power outlet, or you 
will get hurt. 


Some projects do have steps you should take special care with, and I will clearly state that in the 
insiractions with a warning, like this: 





WARNING 


When you see this type of note, be careful with the step it talks about. 











Electronics is a saft hobby, though, so you won't see very many of these warnings, When you do 
see one, don"t let it stop you fom buving fun, If you use common sense and follow the directions, 
you'll lave nothing to worry about. 


Now let's get started! 


PARTI 
PLAYING WITH ELECTRICITY 





1 
WHAT IS ELECTRICITY? 


Push a button on a music player, and a song suddenly comes out of the speakers. Push a button on a 
TV's remote contol, and your favorite shows come to life instantly. These wonders happen han o 
the magic of electricity, a type of energy that powers all the technology n your home. By the time you 
finish this book, you'll be an electronics wizard, and then you can try using your powers to build any 

"This book is all about understanding electricity and using it to make amazing things. In this 
chapter, we'll explore how electricity works, and then you'll build a complet electronics projecta. 
burglar alarm tat warns you if intruders have entered a room. Once you get the hang of using 
‘electricity, you can build all sorts of n contraptions, like a musical instrument or a light-up game o 
play with your friends. In fact, youl build these in this ook 


When you flip the light switch in a room, the bulb brightens right away. Let's look at how electricity 
makes that bulb shine, starting with a litle experiment 





Shopping List 
For this project, you'll ned the following par 
» A standard 9 V battery to power the circ 


> A small, incandescent light bulb rated for 9 to 12 V (DigiKey #CM394-ND, Bitsbox #OP037, or a 
similar light bulb froma hardware store). 


Step 1: Inspect the Light Bulb 


Look closely at your light bulb; you should see a thin metal wire filament inside the glass. One end of 
thi filament is connected to the metal side of the base, and the other end is connected o the metal 
‘contact on the bonom. 





Step 2: Connect the Light Bulb to the Battery 


Place your 9 V battery upright on a ble. Take he light bulb and gently place it so thut the bottom 
point touches one battery terminal and the metal side touches the other batery terminal, When bud the 
onm and the side are touching the battery, the bulb should light up. 

Congratulations: you just generated light with electricity! The bulb lighis because when you touch 
it o te battery contacts, electricity runs through the wire ament inside, The filament then heats and 
starts to glow, creating lig. 


HOW DOES ELECTRICITY LIGHT A BULB? 
But how docs electricity cause the wire to heat up, and why does the light turn on instantly? There are 
fig conceps that combine to maks Ihat happen: 
> Electrons 
» Curent 
» Voltage 
> Resistance 
“These findamenal concepts of electricity all depend on cach other, and we'll explore them in this 
What Is an Electron’? 


Everything you see around you is made of atoms, which are particles so smal you can't see them 
without a special type of microscope, But atoms are made of even smaller particles, called protons, 
neutrons, and electrons 

Protons and neurons form an atom’ nucleus (its center), and electrons orbit the nucleus like 
planets orbiting the sun. Protons and clecrrons are both electrically charged: protons have a positive 
charge, and electrons have a negative charge. That’s why the electrons stick with an atom in the first 
place. The positive and negative charges act like opposite sides of a magnet and atract cach other. 





alom 


Certain materials are conductive, which means that if you apply energy to hem (like the energy 
stored in a battery), the electrons will start moving from ane atom to the next 

"The filament inside your light bulb is made o'a conducive metal, meaning 
Just waiting for a push to move hem. 








il of electrons 


Voltage Pushes Electrons 


When you atch a battery to the light bulb, you're applying a voltage across the filament inside. 
Voltage pushes electrons through the wire and is measured in volts (T). The higher the voltage, the 
more electrons will low through the wire- 

“Think ofa wire like tbe fled with marbles: when you put a marble in on one side, a marble 
pops out on the other side at the exact same time, with no delay: 


..0 00000000 


voltage 
decora. 


“The more murbles you push in one side, the more pop out ofthe other, That’s how electrons 
behave inside a wire, when a voltage is applied to them. 


Current Flows 


Current is the amount of electrons owing through a wire; and it's measured in amperes (4), which 
We usually shorten o amps. You might have also beard the word current used ta describe a river, a 
in "This river has a strong current” That means there's a lot of water moving down the river. 
Electrical curent is similar: a strong current means there are a lot of electrons flowing through a 
wire. When you increase the voltage ina circuit, th current also increases, 
Justas water flows downhill due to gravity, electric current flows fromthe positive battery 


terminal toward the negative battery terminal. Actually, the electrons themselves flow in the opposite 
direction, rom the negative side of your batery to the positive side-* But when we talk about 
elccrical current, we say bati lows from positive (*) to negative (I 


cn —> 
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Resistance Reduces Current. 


Voltage pushes electrons to forma current and resistance restricts the current. slike playing witha 
garden bose: if you squeeze the hose, you add resistance to the flow of water so that less water comes 
fu But if you turn the tap more (like increasing the Voltage), the pressure increases, and more water 
flows even though you're still squeezing the hose in the same way. Resistance in electricity works 


Just ike this, and is measured in ohms (£0. 


Now that you know about electrons, current, voltage, and resistance, 11 explain bow they work 
together to tur on your light bulb. 





imi 


6066; 000 





Lighting the Bulb 


The two ends ofthe wire filament inside your light bulb are connected to the outside ofthe bulb: one 
end is connected tthe metal side of the base, and the other end is connected to the metal contact on 
the botom. When you connect a battery to the light bulb, you create whats called a circuit. A circuit 
is justa closed path that allows current to flow from the positive terminal of your voltage source 
the negative eral 

"The voltage onthe battery pushes electrons through the circuit, including te filament inside your 
ight bulb, The flament has resistance and restricts te current in your circuit. As the electrons 
struggle to make their way through the resistance of the filament, the filament becomes so bot that it 
starts to glow and generate light. For the battery to be able to push the electrons, there must be a 
‘lased loop going from the positive terminal on dh battery to he negative terminal. 





Electricity always needs a closed circuir io work. If you disconnect even one of the sides, the light 
bulb turns off right away! Let's look at circi ina little more detail 
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HOW IS A CIRCUIT LIKE A PIPE SYSTEM? 


Let's conim to ik about electricity by comparing it to water. Imagine a pipe system ina loop. 
with a pump, and imagine the pipe is always totally filled with water. At one poi, the pipe is 





The pump is like a banery that gives power w a circuit. The marrow part ofthe pipe reduces the 
fow of water This narrow pipe is the resistance. The amount of water that flows through the pipes is 


the eure 


‘water flow ‘current 
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Now imagine that you cold insert a measuring device somewhere in the pipe system that tells you 
how much water is flowing through it er second. Note that I'm talking only about bow much water 
flows through one randomly selected point in the pipes, not the total amount of water in the pipes. 
This is how we'll talk about current in an electric circi to: irs the amount of electrons owing 
through a certain point per second 


MEET THE SWITCH 


When you look around your bome, you probably see switches everywhere, You use them all the time 
to turn lighus on and ofi? When the light in a room is tuned on, it must be part ofa closed loop 
because the bul has current running through it. But what happens when you lip the switch ott? 
Flipping the switch offis the same as disconnecting a wire in the loop: t stops current fom flowing 
and turns the light of just like the disconnected circuit we saw earlier. 

What other switches can you find around you? You might find a switch that turns a computer on 
and off, a switch to ring a doorbell, a switch to determine whether a refrigerator door is open, and 

Switches control electricity, and they're very simple devices, They connect two wires to close a 
loop or disconnect two wires io open a loop. Inside, a switch is just some pieces of metal that 
connect or disconnect, 

When the switch is open, the light is of£ When the switchs closed, the light turns ont Mrs very 
simple, but very sel. With only this knowledge, you can create some nifty circuits, and that’s what 
we're going to do next. 
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"n is chapter, we learned that electricity needs a closed circuit o make a circuit do anythin 
interesting, and we've looked at how a switch works. Let's build a cireuit with a switch! 


‘You can build a switch out ofa lot of different things even a door. In this project you'll tuma 
door nt a gigamtie switch and use it to build an intruder alarm that tells you when someone tries o 
emer the oom. 








"To create the alarm, we'll atach some wires and aluminum foil to your door so that when the door 
is closed, your circuit is open and noting happens. But when the door opens, the lop closes and a 
buzzer sounds to set offa red alert. 

"Welt hangan exposed wire down fom above the door, place a strip of aluminum foil on top of 
‘he door, and connect each ofthese parts to a different side ofthe circuit. Then, when the door opens, 
the exposed hanging wire will ouch the aluminum foil and close Uh loop so that the buzzer will 
sou. 








Shopping List 





P A buzzer (Jameco #2173870, Bitsbox #ST016) tat beeps. Buzzers come in both passive and 
active versions. Passive buzers need an audio frequency input, while active buzzers need only a 
Voltage. For dis project, you need an active buzzer that works with 9 V. 


» A standard 9 V battery to power the circuit 
> AV battery clip Jamsco #11280, Bitsbox /BATOSS) to connect the battery to the circuit. 
» Aluminum foit 


> Exposed wire (Jameco #2098478, Rapidonlin com 405-0320) like some soft electrical wires, an 
old steel guitar string, or something similar. 


> Tape to fasten everything You can use masking tape, electrical ape, or whatever you huve, 


Tools 





P A wire cutter (Jameco #35482, Bisbox #TLOOS) to cut or remove he insulation fom wire 


> A pair of scissors (optional) is useful for cuting thc aluminum foil nicely: 





TIP 


Myou want to make stripping wies even easier, ou could buy a pair of actual wire strippers, 
Tike Jameco #78992. which are slotted so that you won't eut through the wire by accident 








Step 1: Does the Buzzer Beep? 


First test the buzzer to see that it beeps. Hold the red wire from the buzzer to the positive terminal on 
your battery (marked +) and touch the black wire to the negative terminal on you batiery (marked... 


erat 


"The buzzer should now make a loud, clear buzz or beep. If you disconnect one ofthe wires ftom 
the batery, the buzzcr should stop making a sound because the circuit won't have a closed loop 





NOTE 


If your buzzer just made a click or didn't make any sound at all, you might have a passive 
uzzer. A passive buzzer can't create sound by itself, so you need an active buzzer for this 





project. The buzzer recommended in this project's Shopping List (page 12) should do the trick. 





Step 2: Prepare the Aluminum. 


‘Use a pair of citsors to cut a big, shiny stip of aluminum foil to go onthe top ofthe door. Cut a 
straight piece of foil, about 1 inch wide and as long as the roll of aluminum fil is wide. 





Step 3: Foil Your Door 


Fasten the strip of aluminum foil on the top ofthe door by wing a piece of tape on cach side of the 
strip. The foil will act as a comact for the battery and buzzer wire. 





Step 4: Prepare a Trigger Wire 


Geta piese ofexposed sofi wire about 10 inches long. An exposed wire is a wire that doesn't have 
any plastic around it, as opposed to insulated wire, which is metal enclosed in plastic. Just find some 
‘wire that is already exposed, such as a steel string from a guitar, or use your wire cuts to snip a 
Piece fom the spool in the Shopping List (page 12). This is going to be you tigger wire. 











NOTE 


You could also use a wire cutter to remove, or strip, the plastic from insulated wires. f you 
want todo zhat, ask an adult for help! 











Step 5: Connect the Buzzer and Trigger Wire 


Connect one side ofthe exposed rigger wire to the exposed metal end athe battery clip's black wire 
with some ape. Connecting two wires is casy. Here's how you do it: Piek up the two wires you want 
"o connect and twist their ends together. Make sure the vo pieces of meal are touching! Then wrap 
them inside the tape together, 





Following the same process, connect the red wire fromthe battery clip to the red wire on your 
buzzer, 


Step 6: Mount the Buzzer and Trigger Wire 


Now, let's place the trigger wire and the buzzer above the door. First, tape the trigger wire anto the 
door rame above the doar so that i's hanging in ont of the door when the door i closed and lying 
on top ofthe door and the aluminum strip when the doar is open. 

Next, tape the buzzer to dh door frame in such a way that the black wire can touch the aluminum 


{ail on top ofthe doar. Tape the black wire onto the Toil so that the exposed part of the wire touches 
the foil, 





Step 7: Add a Power Source. 
Place the battery on top ofthe door ame, close to he ater clip, Use some tape to bold itin place 
if necessary. Then connec the battery clip to the batery 

Once the battery is connected, your finished intruder alarm should Look something like this: 





Step 8: Stage an Intruder Alert! 


‘Test the alarm by opening and closing the door. As the door opens, the exposed wire should hit ihe 
oil, causing the buzzer to sound a loud alarm For a more realistic test, invite someone else to open 





the door instead! 


Step 9: What If the Intruder Alarm Doesn't Work? 


he buzzer doesn't go of, you might need to adjust the position ofthe trigger wire a bit, just to make 





sure the wire touches the strip of aluminum foil when the door opens. Ife: 
fol just ine, ry a different batery: Hat doesn't work, you might need to 


wire touches the 








WHAT'S NEX' 
—————— d mak 
meting happen, like: lighting a light bulb or sounding an alarm And you also knw that to make 
"he clectrons Dow through the cirewt, yoo ned a voltage source, such as a banery, and a closed 
That’s all you need o siart tinkering with electronics 
What else can you think oo make with what you've I oer things that 


an be mude into switches. For example, ry making an alam k ‘bling 
or frends away ftum your personal stuff. Or how about making a silent alarni! Just replace the 
buzzer witha bgh bul 

Inthe next two chapters, we'l sand how we cam us 


lecriciy 10 make things mo 








2 
MAKING THINGS MOVE WITH 
ELECTRICITY AND MAGNETS 





Big magnets atract small metal objects; small magnets stick to large metal objects. For exanpl 
refrigerator doors are usally big pieces of meta, so it's easy cover them with tiny, decorati 
magnets. You've probably seen magnets in cartoons, to: characters like to use giant horseshoe 
shaped magnets to cause mischief. You can nd magnets in nature or create them with electricity. A 
"magnet created with electricity is called an electromagnet 

You can use an electromagnet to make things move, and you don't even have to be a superhero to 
do itt In fact, many things you se every day- like motors, loudspeakers, and the automate doors in 
shops—work because cectromagneis muke something in them move. 

An electromagnet is very easy to make, and inthis chapter, yor'll build an electromagnet that you 
can tun on and off with a switch, Then, you'll use an electromagnet to build your very own mator! 











HOW MAGNETS WORK 


Magnes have two poles, the north pole (N) and south pole (S), and they're surrounded by a magnetic 





you place two magnets side by side, the nord pole of one magnet attracts the other magnet’ 
south pole and repels ihat magner’s nor pole. Try pushing two magnets together. If you don't foree 
them, they should naturally attach each other at their opposite poles. Now, try to force two ofthe 

me poles toward each other. Thats harder, isn't it? Opposite poles are attracted to each other, and 
identical poles repel each other. 





Unika polo atirant, 
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NOTE 


Thin, flexible refrigerator magnets don't have two distiner poles: Instead they have many poles 
“of opposite polarity next to each other, so s harder to fel the magnets attract and repe 











But magnets don't attract all materials. For example, 
some metal objects around you! 





iis unaffected by magnets. T 





TRY IT OUT: FIND SOME MAGNETIC OBJECTS! 
Take any magnet and place it over objects mue out of diferent murals, such as: 

> Aniani 

P A stainless steet spoon 

PA soda can 

> Aviron mil 

PA pisce fel jewelry 

PA few different coins 





Which objects does the magnet arcto stick t0? You should find that the magnet tracts 
some metals, bu ot all metals. What happens with aluminum foil? 


Tetum out that some metals can turn into magnets if you apply itl electricity. That’s where 
efecromgnets come in 


MEET THE ELECTROMAGNET 


When curent flows though a wire, something strange happens: the current ereates a magnetic field 
around the wi 


epee fi 


The magnetic field of one wire, however, is very weak. To make a stronger magnetic field, you 
need to run current through lots of wires placed next to each other. But you still need only a single 
Wire: you can just wind tht wire into many loops to make a coil, and then senda current through it 
The magnetic fields ftom each loop in the coil overlap and combine to creas a stronger magnetic 
field. If you wind your wire around a piece ofiron— like a mail, a bol, ora serew—you'll getan 
even stronger magnetic field. 

All you have to dot create an electromagnet is connect a battery to the ends of the coiled wire, 
mkinga closed circuit When current lows through the wire, the picce of iron it's wrapped around 
starts to behave like a magnet, with the south pole at one end and the north pole atte other end. 
Which pole is which depends on the direction of the current, as well as the direction of the coil 
windings. When you disconnect the battery, the current stops and the magnetic field disappears. 

Building an electromagnet will help you start to understand bow you can sc electricity to make 
things like a loudspeaker in the real world, so let's make one! With enough current, enough wire, and 
the right circuit, you could build a supermagnet straight out of your favorite cartoon, but for mow. 
welll start witha small one 
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‘You know the theory behind how to build your own electromagnet But reading the theory isn't the 
same as making something in real life, so it's time to have some funt 

You're going to build your own electromagnet with wire and a bolt. All you need to do is to wrap 
the wire around the bolt several times and connect the battery to the wire. To make it easy to turn the 
‘lectromagnet on and off, you'll also add a switch othe circuit so that you can control whether or not 
‘current flows through the wires. 
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+ ALLS V alkaline (C) battery (Jameco #21 12428, Bitsbox 4BATOAD) like the big round ones used 


in older flashlights. Don't use a rechargeable battery or plug-in power supply 
> Insulated solid-core wire (Jameco #36792, Bisbox #WIO6BK), about 7 feet. Standard hookup 


wiro wore fio. 


» Tape to fasten everything You 





in use masking tape, electrical tape, or whatever you huve. 
> Washers or paper clips, or other small metal objects that your electromagnet can if 


» A bolt to wind the wire around. Choose a big one to make room far many tums withthe wire. The 
‘bolt Fused was 03 inches thick and 4 inches long. 


P A switch (lameco #581685, Bitsbox #SW018) o tun the electromagnet on and oft 


Tools 





PA wire cutter (Jameco #35482, Bitsbox #TLOOS) to eut or remove the insulation fom wire. 
> A standard magnet 


Step 1: Check Your Bolt 


Your bolt is gning to be the core of your electromagnet, making it stronger. But not all materials will 
Work as an cectromagner's core! Most metal balts should work but if you're unlucky and find one 
that is made of nonmagnetic material, your electromagnet won't be very effective. 

"To check whether a bolt is okay 1o use in this project, just hold it close to any standard magnet If 
the magnet anracts the bolt, then the bolt is a good one. 


Step 2: Remove Insulation from One End of the Coil Wire 


To connect the coil wire to the batery and the switch, you need to expose the metal of he wire at boh 
ends. You'll use a wire cutter to sirip away about 0.5 inches of insulation from the beginning of your 
Wire, After you've wound the coil, yell do the same withthe end of your wire. Stripping wires can 


be a bit difficult if you've never done it before, so ask a parent or teacher for help to get started. 
First, gently grasp the end ofthe wire withthe cute 


Apply just enough pressure with the wire cutter to cut the 
itself. When you've cu through the insulation, your wire should look something like this 





"Then. place the wire cunter in the cut you mude, Squeeze the wire cutter enough to grip the loose 
plastic with the blades. Use the wire euter to gely pull off the plastic without cuting iro the metal 
Se wire. 


Now, you should lave a wire with some exposed metal at the end, like this: 
stripping wires seems ricky in the beginning, don't worry: it becomes much easier with 
practice. 


Step 3: Wind the Wire 


‘Take the wire and wrap it around your bolt 50 to 100 times. Leave about 3 inches of cach end of the 
wire hanging loose. Make sure you don tuse all the wire ol need a piece of wire about 4 inches 
Jong ina aer se. 
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Wrap the wire as tight as possible and tape the end to mak sure the turns stay in place. We call 
this wound wire the co! ofthe electromagnet 


Repeat Step 2 to strip the insulation off the other end of your coil. 


Step 4: Connect the Negative Battery Terminal to the Coil 


Connect one end ofthe coil—it doesnt matter which t the negative terminal of the battery: Fasten 
it to the battery with tape. 





WARNING 


Be sure you're using the recommended 1.5 V battery! Anything more powerful could send tno 
much current through your coil. which could make both the artery and the coil hor enough to 
burn yon. 











Step 5: Connect the Switch 


Io Chapter 1, showed you how to build your own witch and described how you cam se one to turn 
something on and of, Now, you're going to connect a prebuilt switch to you electromagnet o turn it 
con and oft A swith often has three pins hat you ean connect to. 





On be switch in this projects Shopping List (page 24), pin 2 is the common pin, whichis 
connected to either pin 1 or pin 3, depending on the position of be bution. If the button is pushed 
toward pin 1, then pins 2 and 1 are connected. Ifthe button is pushed toward pin 3, then pins 2 and 3 
are conected, 

Some switches have only tw pins. In that case, the two pins are connected when tie button is in 
ne position, and not connected in the other—just like the switch you built in “Project #2: Iruder 
Alam on pape 11 

Fasten the other cd ofthe coil wire to pin 1 ofthe switch and make sure the button ofthe switch 
is pushed toward pin 3. Then, cuta brand-new piece of wire fom your spool, about inches long. 


and strip some insulation from both ends to expose the metal. Connect one end of the new wire to the 
positive battery terminal and one end othe middle pin of the switch, Use tape to make sure the wires 
are properly connected and stay in place 


Step 6: Test Your Super Electromagnet 
“Thats it far building te irit Now, ers testit. I you've comected everything 
electromagnet should be off aw 

First, find a good picce of metal oatrac with your electromagnet A small metal paper clip 
should do the trick though T used a ite pile of stec! washers. Magnets won't anract all metals — for 
Example, aluminum foil is not magnetic so hold a regular maget next w the metal you want to 
rat Girst to make sure is magnetic 

Then, flip your switch and place your electromagnet close t your paper clip or whatever other 
meal object you're sing. If you've fund the o position the Þoli should pull the metal object 
toward it 





correctly, your 





T nothing happens, press your switch into the other position: the bolt should start to pull the metal 
object mow. 

The electromagnet consumes a lat of power, so if you keep the switch flipped on for too lang, your 
battery will drain quickly. You might also norice that the batery and the coil become hot Try to limit 
the time your electromagnet is on to only a few seconds, and always disconect the batery before you 
leave your circuit 





Step 7: What If the Electromagnet Isn't Working? 
Make sue you used insulated wire to make the loops sound the bot The wire must have some kind 
insulating layer on the ouside of the metal; otherwise, it won't work. The reason fr this 15 ht 
Without te insulating layer, the current wont follow the wire loops around the bolt. Instead, yl 
Bo through th bolt if the Bolt is conve or trough the neighboring wire if the loops of wire are 
touching, In iter case, the current will finction as if you had one thick wire. 

Another possible problem is that you batery is dead. Try switching to a diffèrent battery that 
outre sure i working, 

youre sure you're sing insulated wire and that the battery lus power, check tht the 
connections on the switch and banery are connected, as I described in Sieps 4 and 5. f you're unsure, 
ik might be a god idea to redo the connections, 


MEET THE MOTOR 


A wire with flowing curent creates a magnetic field, as I described in "Meet the Electronagnet" on 
page 22. When powered, the coil fom Project #3 will have a magnetic field with south and north 
poles, Just like any other magnet. Like poles repel each other and apposite poles atrae each oh. 
Sa, if you puta magnetized coil of wire over a regular magnet with the same poles close to cach 
other, the coil will try o twist isl around. 
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you placed the wire coil on some kind o stand so that it could rotate rely over the magnet, it 
wouid flip back and forth without making a ful! spin. This is because when the coil has made a alf 
spin, the opposite poles face and attract each other, which will force the coil in the opposite 


direction. 

How can you make the coil contina to spin in one direction? You just need to finda way t 
disconnect the batery allway around and turn the battery back on when the coil is back int starting 
position. Then, here"s what happens, The coil stars moving when it's powered and pushes the wire 
Toil halfivay through one round Because you disconnect the banery hal Avay trong the existing 
"motion keeps the coil moving forward. When it cames back to its original position, the battery gets 
reconnected and gives the coil another push forward, and it continues the same way. 

Electric motors are based on this basic principle of magnetic poles atracting and repelling cach 
oter: 


In this chapter, you've built your own electromagnet, and you've Learned how motos work. Now, it's 
time to combine these two concepts. In this project, you'll build your very own motor om scratch! 

‘You'll urea magnet together witha coil of wire. The coil wil spin, and this spinning coil is 
‘called the rotor ofthe morr, You're going to build the motor so that the rotor ci has curen through 
it for only half'ofthe spin. The magnet should push the electromagnet for half of the spin, and the rotor 
‘coil should continus around the second half of is spin withthe energy it gets fom the rst push. 





Shopping List 





PA LS V alkaline (C) battery (Jameco #2112428, Bisbox /BATO40) like the big round ones sed 
in older Hab hs 


> Insulated solid-core wire (Jameco #36792, Bisbox #WIOGEK), about 13 fect. The stiff insulated 
wire will be used both for the coil and 1o support the coil. 





> Tape to fasten everything. You can use masking tape, electrical tape, or whatever you huve. 
> A paper or plastic cup to hold everything in place 
» Two dise magnets (Jameco #2181319, Bitsbox #HW145), the stronger the better, 





WARNING 


Aways keep small supermagnets like these away from babies and young children. These 
magnets are very dangerous if swallowed. 











Tools 


P A wire cutter (Jameco #35482, Bisbox #TLOOS) to cut or remove he insulation fom wire 


Step 1: Create the Rotor. 


First, well create a new coll of wire this coil will be the rotor, or spinning part, of your matar. To 
‘create the rotor, first tke your spool of wire and strip the insulation fom about 1.5 inches of he fee 
504. Then, wind the wire around the batery. 


you buy the wire I recommend in this project's Shopping List (page 34) try making around 30 
windings: if you use thinner wire, wind it more, The point is to make the coil as magnetic as possible, 
Without making it too heavy. More windings make the rotor more magnetic, but also heavier, 

Carell slide your coiled wire off the battery. Gather the windings ino a loop and wrap the ends 
ofthe wire around your loop a few times on each side so that he coils stay together, Cut your loop 
fromthe spool of wire, leaving the other end about 1.5 inches long. Then, remove the insulation from. 
this end, 100, so that the metal inside is exposed. If you're using wires with plastic insulation, you can 
use a wire cuter as described in Step 2 of Project #3 (page 26). 





Step 2: Build the Motor's Structure. 


Set your col aside for now and take out your paper cup. Punch a hole in ne side ofthe cup about 0.4 
Inches rom the top and another one about 0.4 inches from the bottom: Pull a piece of the stir wire 
around V inches ong through these two holes. Then, do the same on the other side ofthe cup. Turn the 
‘cup upside down, remove he insulation from the end of both wires, and tape the wires othe eup to 
ensure they stay in place. 





The ends thut are now on the botim will connect to the batery, and the top ends are going to make 
up the connection to the rotor andl support it. Bend the top ends of the two wires ina two -shapes 
"at can hold the rotor. Make sure the hotom part of ach U has exposed metal so that it will toue the 
exposed wires af the rotor. This Ustctur will be the battery's conection the rotor. 


Step 3: Place the Magnets 
Place one magnet on top ofthe cup. Then place one magnet inside the cup so that the two magnets 


stiek to each other through the cup. Place your rotor imo the U-stuct and adjust ih position of the 
magnets to make sure they are at he center, just under the coil 


Step 4: Reinsulate Part of the Coil 


you connected the battery now, the motor would't work, With your coil rotor attached, you'd see 
movement, but the rotar would just be pushed hack and forth in opposite directions because i 
lays connected toe banery. You need a way to disconnect the coil from the battery halfway 
through so that i's first pusbed away fom the magnet and ten released uni it has spun the rest ofthe 
way around, Then, it can reconnect with the magnet and get pushed again, and soon. You can make 
this happen by insulating the wire on one side With a permanent marker. Do this on only one arm of. 
the rotor 
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Lay your coil flat onthe table and use a permanent marker to draw along the wire on one side o 


mk t non-conductive. Draw your line so that the rotor disconnect from the banery when the loop 
ics horizomally above the magnet, 





Step 5: Rev Up Your Motor 


‘Let's get that motor running! Connect the battery by taping the two wires to the positive and negative 
termina 
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Now, place the rotor ino the U-structure. The motor should sturt spinning, You might need o give 
ita itle push It won't run any cam, tiit works, then you definitely just made something move 
‘with electricity. Congratulations! 
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Step 6: What If the Motor Doesn't Work? 


Can you sce any movement? IF you're very lucky, il work right away, but you'll most likely need to 
make some adjustments. Here are some places tà start 





1. Make sure your coil is placed so tatit starts with the exposed wire— ats, not the part you 
covered with the marker- touching he exposed wire ofthe U-shaped structure, That way, when 
Sou connect the batery, the coil becomes magnetic. 


2. Figure out which way the batery should be connected. You might find dut the rotor spins better 


in onc direction than the other, so try to connect the battery the other way around to sce what's 


best for your motor 
3. Ifyour coil is a bit too heavy the magnetism won't be enough to push he cil all the way around 
the loop. Try unwinding few loops to make the coil igh. 

ets under your rotor; They should be as 





4. You might nsed to adjust the position of th mgr 
centred as possible. 


Jour motor still doesnt run, your rotor may just need a ile pash to get started. Ty tapping it 


gly with your finger o see whether that unleashes a speed demon. 





In dis chapter, you! is cane created by winding a wire around a bolt and 


you earned how electric motors work 


Now, take that knowledge and explore electricity a little further. Tr 


Then, wind a rotor colat is wice as big or even bigger 


magnets under the rotor -— 
You can erene a moch larger structure for he motor, He a you mke your motor go” 
— In the next chapter, 


far, you've only used electricity, but you 
der dinaar peri 


you'll learn a couple of different ways to generale electricity, and. 
re with magnet, 








3 
HOW TO GENERATE ELECTRICITY 


Chapter 1 described why you need a closed loop to get current flowing through a circuit, and Chapter 
2 showed you how to build your own electromagnet and motor. The projects in those chapters wed 
Glecrricity roma banery, but in this chapter, you'll make your own electricity sources! 

Specifically, you'll learn bow to build your own generator, which creates electricity from. 
movement, and your own battery, which ereates electricity through chemical reactions. These are two- 
ofthe most common ways to obtain electricity 


GENERATING ELECTRICITY WITH MAGNETS 


When you run current through a wire, it creates a magnetic field around the wire, but teres another 
connection between electricity and magnetism You can also create electricity using a wire and a 
net 


A Changing Magnetic Field Creates Electricity 

{you move a magnet back and forth over a wire connected in a closed Toop youl create a current in 
the wire. Moving the magnet changes the magni field around e wire, and be changing magnetic 
field pushes the electrons rough the wire 
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youstop moving the magnet, the current also stops—even ifthe wire is still within the magnetic 
field because the magnetie fcd is no longer changing 

you connect the two ends of the wire to a light bulb and crate a closed loop, then the current 
can low. Unfortunately, however, the current created by moving a magnet over a single wire doesn't 
provide enough energy quickly enough o actully light the bulb. To light a bulb, or to power anything 








else, you need to find a way to generate more power, which is the amount af energy produced in a 


How Does a Generator Work? 





A generator is a device that turns movement such as the movement ofa magnet over a wire ino 
lecrricity. To create mare power witha wire and a magnet, you can wind tat wire into a coil. The 
oiled wire acts like a group af wires, and when the magnetic eld passes through it, a current flows 
"rough cach coil, creating more power than you could with a straight wire. 
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CREATING ELECTRICITY FROM WATER OR WIND 


Ifyou place a coil in a magnetic field and rotate the coil witha handle, you're converting your 
own movement ino electricity. If you replaced the handie with a water hee and placed it ino a 
Stream of water, the water would push the whee! so that the coil would rotate in the magnetic 
field and create a current. This is bow some power plants generate electricity! The power plant 
jist lets water run through a whee? that’s connected to a generator. Then this electricity is 
"ramsesred, through power lines, to the power outlets in people's hoses 





























‘You can make electricity out of ther natural forces in the same way. For example, to create 
electricity out of wind, you can connect the coil o a windmill so that when the wind blows, it 
robs the coil. 


MEET THE MULTIMETER 


You can measure exactly how much energy a simple generator creates with a basic multimeter. 
Multimeters are handy when building any circuit because they can measure a lot of diffrent values, 
including resistance, curent, and voltage. 





The red lea is the positive lead, the black ead is the negative lead, and the big dial in the middle 
ets you tell the multimeter what to measure. I you're having problems with a cireuit, measuring the 
Voltage at key points in your circuit is one practical way to iure out what's wrong. 








How to Measure Voltage 


To measure voltage with a multimeter, first turn the dial to onc of the V options. (In this book, Hl tell. 
you which setting to choose, bu in your own projects, piek one that has a number higher than the 
iighest volage you expect to see in your circuit) Then, at the bottom of the multimeter, connect the 
black lead to the COM socket and the red lead to the V socket Finally, place one lead on cach side of 
the part you want to measure the voltage across, 








In this example, the meter is measuring the voltage between the positive and negative terminals of 
29 V battery. Notice that my dial is turned to 20 V, i the range showing a V wih a straight-line 
Symbol. But there's another V on the multimeter witha wavy lin next to it. Let's look at what these 
symbols mean 


What Are AC and DC? 
How you set your multimeter depends on whether you want to measure the voltage fom a batiery or a 
generator. A batery has a positive and a negative side, but a generator doesn't! A generator lus two. 
Wires that alternate between being positive and negative- This is because when one side ofthe magnet 
moves past the coil, current in the coil flows in one direction, and when the other side of the magnet 
moves past the coil, current lows in the other direction 

When the current direction switches like that, we all it alternaring current (AC); when the 
direction of the current stays the same all the time, we call it direct current (DC), Usually, you'll find 
these symbols on your multimeter to indicate the AC and DC ranges of measurement: 
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You need to set the multimeter to measure either AC or DC to get the correct reading: For 
‘example, batteries have a DC voltage. 


Grab your matimeter—this project will show you how to make a generator and measure its voltage. 
One quick way to create a simple generator is to manually move a magnet back and forth inside a 
coil In this project, you'll pura magnet inside a tbe and vind a coil around the tube, When you 
Sak the be the magne should move back and forth inside the coil and create a voltage 





Shopping List 





> Insulated solid-core wire (Jamcco #36792, Bitsbox #WLOGBK), about 9 fect. Standard hookup 
wire works fine. 


> A small plastic tube, such as an old pen 
P Five dise magnets (Jameco #2181319, Bitsbox #HW145) stacked to forma magnet od 
P Two alligator elips (Jameco 4256525, Bisbox #CN262) to connect the multimeter to the coil 


Tools 


» A multimeter to measure the voltage of your generator. The multimeter should b able to measure 
very low AC voltages, downto 001 V or less. Suitable multimeters are Jameco #2206061, 
Bitsbox £TLOST, or Rapid Electronics 455-0662. These multimeters are a bit more expensive than 
the cheapest ones, but they will serve you fr many years to come. 








Step 1: Prepare Your Tube 


Find a tube that's big enough to let the magnets slide easily back and fori If you're using a pen, 
disassemble the pen and make sure your magnets fit inside the ube 





Step 2: Wind Your Coil 


"Wind about 50 turns of wire around the middle of your tbc, Aer winding, make a simple knot with 
the two ends keep your coil together. Then, strip the insulation fom the two wire ends, as shown, 





Step 3: Connect the Multimeter 


Comnet the multimeter to both ends af the coil using alligator clips ad set the mulier to measure 
AC. Choose the lowest AC voltage seting available. 





Step 4: Shake That Thing! 
Next put the magnets inside the tube. They should fit inside without coming apart 





Holding the tube and multimeter leads in your hand, place one finger on each side ofthe tibe so 
‘hat the magnets don't fill out Then, shake it like you mean it 








Observe the voltage value on the multimeter. How much voltage do you get? 1 was able to get only 
(0.02 V ftom my generator, o it's not very power 





Step 5: What If There's No Voltage? 


you can't measure any voltage from your generator, ist check that your multimeter leads are 
connected well to the exposed coil wires. IE you stil don't see a voltage higher than O V, make sure 
your multimeter is set to measure really low voltages; my dial was turned o 2 V AC. You won't geta 
high voltage from ihis simple generator, so ifthe multimeter isn't on he lowest setting possible, it 
will keep reading O V. Note that not all multimeters are able to measure such low voltages. 

"This generator isn't very powerful right now. How can you make it more powerful? Try to 
‘increase the voltage fromthe generator by shaking it faster, adding more lnops of wire othe eil or. 
using a more power magnet, 








NOTE 


Standard hookup wire is a bit bulky; even 50 turns take up a lot of space! If you want to get a 
ot more tures, ry wing magnet wire instead. 1 really thin wire with a thin layer of 
insulating coating. 








TRY IT OUT: USING A MOTOR AS A GENERATOR. 


A motor already has a magnet and a coil of wire that can rotate in he magnets magnete field. 1 
os rot the rotor with our hand, you can generate a voltage on the motors wires. 

You could create a generator by reversing te motor you built in Chapter 2, but he power 
you'd get fmit would be too small to measure Instead, ry to find an old molor oma computer 
"nor a radio-controlled toy car that you don't want to play with anymore. Then, set your 
‘multimeter ioa low-voltage DC range, such as 2 V DC. Artach the multimeter eads o the motor 
wires, just as you did with the shake generator, and turn the roor with your fingers, Some motors 
‘have internal circuits that control the motor, and those circuits can prevent the electricity 
generated inside the motor from poing our to the wires. But if you're lucky and find a motor that 
doesn't have such circuits, you should see a reading on the multimeter. Try a Low 
Tange oa your multimeter i you see nothing with DC. 





HOW DO BATTERIES WORK? 


Tve shown you how to generate electricity manually, but tat doesn't explain bow you've powered 
circuits up io this point in the book. You've been using batteries, and in this section, we'll Jook at 
‘what lets those batteries create electricity 


What's Inside a Battery? 
To create a battery, you need te things: 
» A positive electrode 

> A negative leere 

» Anclosealye 


An electrode is a wire that is used to make contact with something noameallc, like the inside ofa. 
battery. Am electrolyte is a substance that can release or gain electrons. 
Here's how these three pisces fit inside a typical batery: 





| goa deis 
= oti 


rai rode 





You can actually make your own batery by usinga simple mal for one electrode and a copper. 
wire for the other. Stck both nt a lemon, and he lemon juice your electrolyte, 
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“The copper wire becomes the positive terminal ofthe battery, and the nail becomes the negative 
terminal 


The Chemistry Behind Batteries 


When you combine the lemon, the copper wire, and the mail, to chemical reactions happen: one 
between the lemon juice and the mail, and another between the lemon juice and the copper wire. In the 
first reaction, electrons build up on the mail; in the second, electrons leave the copper wire. The mail 
aet to crowded with electrons, and the copper wire ends up with too few. Electrons don't like to be 
in crowded places, so the electrons on the nail want to go over to the copper wire to even things out 
But the chemical reactions with the lemon juice are pushing the electrons the other way. 

Now, what do you think will happen if you comeet a light bulb between the nail and the copper 
wire? The electrons on the nail really want to get to the copper wire, so theyll take the easiest path 
they can find, and when ou creates closed-loop cireui, they flow Rom the mail to the copper wire 
trough the light bulh. Recall hat current is just electrons lowing in a wire; if you have enough 
current owing through the light bulb, it lighis up! 

Afer a while, the chemical reactions in the battery stop. When this happens, the battery is dead. 
Some hateries can be recharged when they die, while others must be thrown away. The materials 
chosen for the electrodes and electrolyte determine whether the batery can be recharged or not. 

"The batteries you buy in the store are not made of lemons, of course! Modern batteries are mude 








from different materials, and scientists are always looking for new ways to create batteries that have 
amore energy, while being smal and lightweight 


What Determines a Battery's Voltage? 


The materials used forthe electrodes and electrolyte determine the voltage you get from a battery, but 
the siae ofthe electrodes and he amount of electrolyte don"t ratter when it comes to volage. 

To create higher batery voltages, several batery cells are conected in seres, Connecting two 
battery cells in series means that you comeet the positive side of one battery to the negative side of 
the other. The two unconnected terminals become the bigger banery’'s new positive and negative 
terminals, and the resulting voltage is the sum of he voltages om the two batteries. For example; in 
a standard 9 V battery, you have six 1.5 V battery cells, as shown. Notice that the connectors on the 
ouside are attached i just wo termina 








You can make a battery out of many different things: far example, in “What's Inside a Banery?” on 
page 55, T showed you bow a lemon battery might wark: In this project you'll leam bow to build a 
lemon botery of your own and power a light with it 








WARNING 


When you're finished with this project, throw the lemons away. The chemical reactions that 
happen with the nail and copper vire will leave the lemons unsuitable for eating. 











Meet the LED 


A lemon battery can't create a lot of electricity, so you need to connect the banery to something hat 
needs very litle power 1o see the effect Mast light bulbs need more power than you'll generate in 
this project, so let me introduce a component called a lighe emitting diode, or LED, 





"This ile electronic component gives oft or emits, light when you apply a little bit of power to it 
LEDs come in many colors: red, green, yellow, blue, and more. You I learn more about this 
component in Chapter 4, and you'll use LEDs a lot in is hook For now, you're just going to use an 
LED to see the power generated by your lemon bats. 





Shopping List 





> Four lemons or one lemon cut into four pieces. 
» 24 inches of copper wire (any copper wire will do, but i's important that the wire be copper) 
» Four galvanized nails (most common mails for outdoor projects are galvanized). 

> Two alligator clips (Jameco #256525, Bitsbox #CN262) for connecting the LED. 


» A standard LED (Jameco #333973, Bisbox #OP002 for just this one, or Jameco #18081, Bitsbox 
#K033 for a variety pack). You'll ned several LEDs for the projets in this book, so order at east 
10 or a variety pack. 


Tools 





P A wire cutter (ameco #35442, Bitsbox #TLOOS) to prepare the copper wire 

> A multimeter (ameco #2206061, Bishox #TLOST, Rapid Electronics 455-8662) o see whether 
Your banery is working correctly. 

Step 1: Prepare Your Wires 


First, cut your copper wire into four 6-inch lengths. Sirip about 1 inch of insulation ftom both ends of 
cach wire. These will become the electrodes. 


Step 2: Insert Electrodes into a Lemon 


Roll and squeeze a lemon so that you break up the small juice packets inside it, but not enough to 
break the skin. Then, sea nail tomate one hole in one end, pish a copper wire imo that bole, and 
us the mail into the other end, as shown. This is the first lemon battery! 





Get your multimeter, set it for DC voltage measurement, and est your lemon ater now. Place 
the positive test lead on the copper wire ande negative test lead on the nai If everything works 
Correctly, you should see a voltage of round 1 V on your multimeter, 





Step 3: Create Four Lemon Batteries 
Evenifyouget Vout of your lemon, d's not enough to light an LED, Let's create several lemon 
bateres so we can get more electric? 

Just repeat the process described in Step 2 for the other lemons; cach will become a banery. (If 
you don't have four lemons spare, you can cut one lemon ino four pieces.) Now you should have 
fo lemon batteries. 





Step 4: Connect the Lemons in Series 


To get a higher voltage with your lemon batteries, yov ll ced to connect them in series. To connect 
two lemons in series, you just connect the positive side of one lemon o te negative side of another. 
Remember, the copper wire is positive, and the nail is negative. 
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"To wire four lemons in series, just repeat that process a couple more times. Line your lemons up. 
na row with be copper wires pointing to the right and amber the lemons fom 1 10 4, beginning 
fom the left Connect the copper wire rom lemon 1 to the nail in lemon 2, Twist the wire onto te. 
ail so that the metals connect without coming apart. 

Connect the copper wire of lemon 2 to the mail in Temon 3, and connect the copper wire fom 
Jempn 3 to the mail in lemon. This should give you a row of four lemons, with an unconnected ail 
on lemoa 1 and an unconnected copper wire on lemon 4. These are the positive and negative 
terminals for your big lemon banery, respectively. 





When you connect batteries in series, you can add their voltages to find your total. Four 1 V lemon 
batteries should give you 4 V. Ifyou have a multimeter, measure the voltage between the vo ends to 
sce whether everything is connected, You should geta voltage of around 3.5 1o 4 V. 





Step 5: Test Your Lemon Battery 


Let's connect the LED to the lemons! Connect the long leg fom the LED to the copper wire, and 
connset the short leg to the mail, as shown. The LED should mow light up. 


Lemons aren't super powerfi batteries (you'd never see anyone with a lemon comectd to their 
compute, for example), so your LED will probably be very dim. After you finish building your 
emrspowered circuit um off the light in your room. and you should see the LED glow 

Remember, when you're finished with your lemon battery, throw the lemons away—don't eat 
emt 





Step 6: What If Your Lemon Light Doesn't Work? 


‘you can't see light ftom your LED, even in a dark oom, check to sce whether your LED is 
‘conscte the right way. The long leg should be connected to the positive side of the battery, which is 
the copper wire 

Make sure the lemons are connected to each other only through the wires and nails. For example, 
it your lemons are sining in a puddle of lemon juice, they could be connected through that. Just dry 
thems off and move them somewhere else. Nex, check that the copper wires are properly connected to 
the als and that the mails and copper wires are actually touching the juice inside the Lemons. Also, 
check that the nails and copper wires are not touching cac other inside any ofthe lemons. 

Mihe circu sl doesn't work, disconnect all the lemon batteries from each other. Then, ws a 
milimeter to check that each lemon banery has some voltage. Connect nwo lemons in series, and. 
‘check that you sce a higher voltage. Connect the third lemon, and check that the voltage has increased 
agin. Then, connect the fourth lemon and check that you have even more volg. 











‘Ifyou see a voltage but the LED doesn’t light, then you probably just need some more power. Get 
another leman or to ereat some more batteries, and connect them in series with the rest 





WHAT'S NEXT? 


In this chapter, you learned how to create your own: 
‘You made your own shake generator, and 
————— to find a dhyn 
built in this chapter, a dynamo is a generator dh 
are commonly usd 1o power headlight on bil 
ardboard or plastie, connect hem to the dynamo, 
Whether you can harvest energy from the wind. 
‘You've now met a few electronic component, including switches, LEDs, and motors, Inthe 
fatlowing chapters, you'll learn about even more components and graduate o building some renl 


elccroniz circuits, le lghs at blink, a toachsensitive switch, and even your o 





PART 2 
BUILDING CIRCUITS 





4 
CREATING LIGHT WITH LEDS 


Lights, especially LEDs, are uscd all the ime in electronics. Sometimes, they r jus simpl 
indicators that show whether a device is on or not, but they can also be part of more complicated 
devices, like computer displays. In fact, some displays are actually made up of thousands of tiny 
LEDs. 

In this chapter, you'll eam bow two ofthe most common basic componens in electronics Work: 
the resistor and he LED. FII show you how to kill an LED, but don't worry: you'll learn how t we 
resistors 1o keep LEDs alive, oo In this chapters projects, you're also going o start using a new. 
tool, called a breadboard, connect circuits. Many projects in this book use breadboards, and you 
san also use them to bul a lot of col projects on your own. 








MEET THE RESISTOR 


Recall that resistance restricts curet tom flowing rely in a circuit. A resistor is a component hat 
adds resistance to a circuit The more resistance your circuit has, the less current will flow trough it 





Resistor Color Codes 
When you look at a resistor, you'll notice that it has several colored hands. These colors tell you the 
‘value ofthe resistor. Resistance is measured in ols, but when we write about it well use an 
omega symbol, Q, for short. More ohms means more resistance. 
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Most resistors lave fur color bands, rom the left, the fist and gives the first digit of the 
resistance value In this example, he first band is Yellow, so the first digi is 4. The second digit is 
given bythe second band, which is purple for 7. Together, this gives us the base value of 47. Next we 
muliply 47 by the value ofthe third band the multiplie, In this example, the brown band stands for 
100, so we multiply 47 by 10: 











a wa-smoa 
NOTE 

Ma resistor has five bands instead of four, then the first three bands are digits, and the fourth 
is the multiplier 











But the acu resistance ofa resistor usually won't match the value written on it! That sounds a bi 
crazy, righ? I's hard for manufacturers to creat resistors with a very exact resistance value, so 
insted, they make sure the resistors are somewhere around that value and tell you how far ofthe real 
las could be. 
This is where tolerance comes in Our example resistor is labeled 470 Q witha tolerance of 
percem. This means that the resistor s real resistance could be any value 5 percent higher or $ percent 
Tower than 470 f2. Because $ percent of 470 s around 24, the real resistance could be anywhere 
between 446 0 and 494 0 
Un, the three ands that tell you the resistance vals are grouped together, and the hund that 
tells you the tolerance is spaced a bit rer away. But sometimes the bands are so close that it's 
hard to sce which three bands give the resistance. Fortunately, the fourt band is typically gold or 
silver, so if you see a gold or silver band, i's safe to assume this îs the tolerance band. 














HOW TO WRITE LARGE VALUES 
Cur resistance color chart shows some resistance values writen with and M in tont ofthe f2 
‘symbol. These are part ofa shorthand that makes it easier to write really large vales you have 
4 resistor that's 30,000 Q, its common to shorten ht to 300 KO instead, Where k is sbort for 
‘ilo, which means one thousand. The M stands for mega, which means one million So instead of 
writing 3,000,000 D, you could write 3 MA- 


What Are Resistors Made Of? 


To create a resistor, you could just use a really long picce of standard wire. Wires have a bit of 
resistance, and the longer your wire is, tbe more resistance you'll get. But wing miles of wire t 
reduce curent isn't very efficient. I's better to we a material that has more resistance, such as 
carbon. Often he resistors that you buy in stores are made of carbon wrapped inside an insulating 
itera 


Resistors Control Current and Voltage 
At first, you might find the resistor a bit boring. If you connect one to a battery, you probably won 
Sec anything happen; resistor might just get warm, and you might wonder what the big deal is. On 
the other hand, if you use a resistor witha very low resistance value, such as 10 0, then it could get 
really hot bot enough to give you a burn and the battery might die prety quickly 








WARNING 


Connecting a low-value resistor directly between positive and negative pints can be 
dangerous on some types of batteries. Some batteries are strong enough to make your resistar 
burst into flames, Be careful! 











Bus the cool thing about resistors is that you can use them to change the voltages and currents in 
your cireni! That means that you gett be the master of your circuit and decide ow it should behave: 


INTRODUCING OHM'S LAW 


The key to controlling the curent and voltage in your circuits a formula cal 
nv relates resistance, voltage and current as follows: 











-p 
Here's what thse letters meane 


V Voltage, measured in volts (V) 
1 Current, measured in amps (A) 


R Resistance, measured in ohms (£2) 


Giventbese definitions, in English, Ohr law reads, “Voltage equals current multiplied by 
resistance.” You can also write the Ohm's law formula in the two following form 


‘if 
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Lets put Ohms law o work Imagine you havea resistor and a 9 V battery, and you want 0:05 A 
of current flow in the resistor. How much resistance do you need in the resistor to get the right 
amount of eurent owing? Use Obnr's law to find out 


I= 
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Afer dividing the voltage by the current, you'l find that to get 0.05 A ofcurteat flowing in the 
resistor, you need a 180. 


Almost all electronics have some LEDs, which I introduced in Chapter 3. Where there are LEDs, 
there are also resistors. Look around a Bose, and there's a big chance you'l see a few, For example, 
chook a computer, a washing machine, a television, or a Wi-Fi router, Do you see some blinking 
ights when you push buttons? Those are very likely LEDs in series with resistors, 

In“Project #6: Tum On a Light with Lemon Power” on page S8, you just connected an LED to 
your homemade lemon battery, and that was it. In most circuits, however, you need to take a bit more 
are to make sure you don’t break your LED. Itoo mach current flows trough an LED, it becomes 
rell hot and burns out. The lemon battery was toe weak to provide enough current to break the LED. 

Ofcourse, I could tell youall this forever, but trying things in real Hf is the best way to leam! 1 
had o breaka few LEDs myself before Laccepid that T could connect them directly to a banery 
‘without resistor, and want you to see what that’s like, oo That's why in this project, you're poing 
to destroy an LED! 

















Shopping List 





> A standard LED Jameco #333973, Bisbox 4OP002) 
> A standard 9 V battery to power the circuit. 


Step 1: Identify Which LED Leg Is Which 

Look at your LED closely, and you should ee that one leg is longer than the other. LEDs are 

polarized, which means that current flows through them ony if you connect them a certain way in 

Sour circu The longer leg is called the anodes t's the leg that you connect to the positive side ofthe 

battery. The shorter legis called the curhode, and you connect it to the negative side of the battery. 
On some LEDS, the legs are the sume length. In thut case, find the Mt side on the bottom ofthe 

LED itself- The leg on the flat side isthe cathode. 
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Step 2: Break That LED! 
To avoid burning your fingers, bold your LED by one ofthe legs. Then, place the 9 V battery on the 
"able and touch the legs of the LED directly to the banery terminals. 


"The LED should glow brightly for a short moment, become hot, and then go dark Parts oit may 
actually urn black. Congratulations: You just broke your first LED! 
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NOTE 


Some LEDs stop working after a second when connected directly to a battery. Others may give 
"aro light for a few seconds 











Step 3: What If Nothing Happens to the LED? 
M nothing happens, there are three likely causes: 

> Youcomectad the LED backward 

> Your LED is already broken. 

P Your battery is dead. 








First, ry connecting your LED to the battery the other way around. If you're sure its connected the 
right way, then either your LED is already broken or your banery is dead. Try replacing the battery 


irst: if that doesn't work, replace the LED, Now, you should be able to break your LED. 





HOW TO USE AN LED CORRECTLY 


Even though it's pretty fim to destroy LEDs, it's better to know how to void destroying an LED. 
Your LED burned because it had too much current rumning through i, but you can prevent dut with 
your triste friend the resistor. Resistors resist the ow of current, and if you choose the right 
Fesistnce value, ty resist the current enough to get just the right amount of curent far your LED. 





Protecting Your LED with a Resistor 
An LED ina circuit should always lave a resistor in series with it Of course, resistors come in many 
iren values, and to figure out the right one for your circu, you need to do a litle math. 

Moststandard LEDs need a voltage of aboxt 2 V and a curent of about 20 mA, oF 0.02 A, t light 
up. These two values, together with the voltage of your battery, are all you need 1o figure ot he 
correct resistance. Just put these two values into the following formula: 








Mihis formula Looks familiar, that’s because it's actually just another version of Ohm's law. The 
two Vs and the are still voltage and current, but Jis the batery voltage, Yi pn is the voltage your 
LED needs to light up (often 2 V) and Z, pn is the current your LED needs (olen 20 mA). You'd read 


this formula as “To find the resistance, subtract the LED voltage fom the battery voltage and divide 
the result by the LED curre" 


Calculating the Resistance You Need 
Imagine you huve a 9 V battery, a resistor, and a standard LED. What resistance value should e 
resistor be? Using the formula om the previous section, you sould ge 














“That means you ned a resistor of350 C to get the right amount of current flowing through the 


Now lets power a standard LED with a protective resistor so the LED doesn't burn out. We just 
calculated that to power an LED with a 9 V battery, you ecd a resistor of 350 2. 

Butas [explained in “Resistor Color Codes” on page 70, standard resistor values aren't always 
‘actly the resistance you need. Ifyou buy a 350 £ resistor, it isn't necessarily 350 but maybe 570 
T1 And not all resistance values are even available, For a resistor inan LED circuit, having the exact 
value isn't important, Tha's forunate because you won't find any 350 £è resistors in standard resistor 
packs Instead, you can use a 330 £ resistor, which is a standard value that's easier to find. 
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Shopping List 





P A standard 9 V battery to power the circu 





» A 9 V battery clip Jamsco #11280, Bitsbox /BATOSS) to connect the battery to the circuit. 
» A standard LED (Jamsco #333973, Bisbox #0P002) 


P A 330 0 resistor Jameco #661386, Bitsbox #CR25330R for just this value orJameco #221 
Bitsbox /K017 for a variety pack) for limiting the current to the LED. 
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Step 1: Twist the Resistor and LED 


First, connect the short leg, o the cathode, ofthe LED to one side of the resistor, It doesnt matter 
Which side of the resistor you consect just twist the resistor leg around the LED le 








Step 2: Wire the Battery Clip. 


Twist the battery clip's red wire onto the long lez af the LED. Then twist the black wire to the 
unconnected side ofthe resistor. 
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Step 3: Let There Be Light! 
Now, plug your battery into the clip, and your LED should glow! 





Step 4: What If the LED Doesn't Work? 


‘your LED doesn't tum on, first disconnect the battery and make sure you've comecied the 
components exactly as described in Steps 1 through 3 Having someone else review your wiring can 
be help too; ask a paren, sibling, or rend to look it over. 

your connections look right and the LED is still dark, then double-check he LED's orientation: 
Just about anyone who's ever built an electronics project hus comected an LED backward at least 
conce. The long legis the anode, and in tis project, it should connect to the positive side of the 
banery. 





BUILDING CIRCUITS ON A BREADBOARD 


Up to mow, you've connected cireuits with tape or by twisting component legs together, but this 
very practical when a cireuit has more ttan a few components. Fortunately, a breadboard can make 
connecting components easier. Breadboards ave holes that you can stick component leads into to 
‘Create circus. When you're done, you can just plug all the components and reuse them indifferent 
projects! 





How to Connect Components and Wires 


Inside a breadboard, metal plates connect the holes you see on the outside in a certain pattem Let's 
look ata breadboard with fou connection arcas two supply arcas and two component areas. 

Inthe supply areas on both sides, all the holes in each column are connect, Youll typically plug 
the positive side of your circuits power suppl like the batteries you've used soar nto the red 
columns, and you'll typically plug te negative side of the power supply imo the blue columns: 
Throughout this book, FII refer to the supply column marked with a red line as the positive supply 
column, and T'I refer to the supply column marked with a blue line as the megarive supply column. 
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Inthe component areas, all th holes in each row are connected, and the columns are not 
connected The left and ight component areas are separated so that there's no connection between 
them For example, holes A, B, C, D, and E in row 1 are comected, and holes F, G, H, Land J in row 
1 are connected, but holes E and F in row 1 are not connected. 

"To luz a component into a breadboard, simply push it into the hole where you want the 
connection For example, if you wanted to connect one side of a resistor lo the positive side ofan 
LED, you'd just insert both the leg from the resistor and the leg from the LED imo hvo holes on the 
same row inthe left or right component area. If'you have nvo component legs or wires that shoulda't 
‘connect, just make sure they are either on different rows in the component area or on opposit sides of 
the component aren. 





Wires to Use on a Breadboard 


Evenly, you want to connect one row on your breadboard with a different row. You can use a 
wire to make ht connection, but o all wires work well ona breadboard. The wire has to be stil 
"enough that you can push it ito the ole without it bending, andl it has o be thick enough to ial he 
‘vay inside the breadboard hole without falling out. Single-strand wires are the best wires for 
building circuits on a breadboard because they have one solid core inside, instead of many tiny wires 
‘wrapped together. The thickness of wire you necd depends on your breadboard, but wires with 
0.016- to 0.028-inch diameters should work. Wire thickness is often given in American wire gauge 
AWG), and recommend using wire that is 21 10 26 AWG. You can buy wires tat are cut and 
stripped for simple use with breadboards, or you can cut and strip your own wires using a wire 


Another option is to use breadboard jumper wires. These wires have stiff ends dt are very easy 





to connect to a breadboard. If you plan to connect a lot of circuits on a breadboard (you should!) 
Keep a bunch of breadboard jumper wires on hand to make Your life easier. 


Let's connect a simple circuit on a breadboard! Justas in "Project #8: Powering an LED" on page 78, 
this circuit lighus up an LED, but this time we'll build the cireuit on a breadboard. In dis projet 
We're not ging to use the supply rails on the side because the circuit sso simple that it makes more. 
Sense just fo connect itall onthe component area. 









Shopping List 
P A breadboard (ameco #20601, Bitsbox #CN329) with atleast 30 rows, 





A standard 9 V battery to power the circuit. 
A9 V battery cip (ameco #11280, Bitsbox #BATO33) to connect the battery to the circuit. 
A standard LED (Jamsco #34761, Bitsbox #OP003). 


A30 0 resistor (Jameco #661386, Bitsbox #CR25330R for just this value or Jameco #2217511, 
Bitsbox £K017 for a variety pack) for limiting the current to the LED. 











Step 1: Place the Res 
Fist place one log o e resistor in row 1 and the other in row 8. 





Step 2: Place the LED 

Remember, LEDs are polarized, and they must be connected the right way to work. Connect the long 
Jegofthe LED to row 8, where dhe resistor legis connected. Becuse the resistor and LED legs are 
fu the same row, ey re now comected. Connect the other leg ofthe LED to row 10. 





Step 3: Place the Battery Clip 


Now, connect the battery lo the LED and resistor. Connect the battery clip with the red wire at row 1 
and the black wire at row 10. Plug your battery into the clip, and your LED shouid light ap! 





Step 4: What If the LED Doesn't Work? 


your LED dosn't glow, first disconnect te battery. You should always disconnect the battery 
when making changes to your circuit Then, check whether the short leg of the LED is connected to the 
negative side ofthe battery. 

your LED is still not working once it's oriented correctly, check that your components are 


connected exactly as described in Steps 1 


through 3. Are the long leg of the LED and one of your 
resistor "s legs in ow 87 I the positive battery lead in the same row as the other resistor Lg? 1s the 
negative batery lead in row 10 with the sbort LED leg? Aske someone else to have a ook al your 


tinci to; maybe they can help you find the problem 


amon components: the resistor ard the LEL 
law calculate resistance, curent, and voltage values. Thi 
nny aspects of electronics tht you'll explore throughout 


leamed to use a breadboard, which is a useful skill, To practice placing circulis o 
oard, wry building oae f th projects you did earlier in this bonk w 


youse-crea "Project #2: Inuler Alara” ba page 11 ona bread 


In the next chapter, you'll learn about two mare component 
Pl show youhow to build one of my favorite crea circuit tha blinks a 
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BLINKING A LIGHT FOR THE FIRST 
TIME 


When Iwas a kid, one of my very first electronics projects was making a light blink. It was amazing 
to see the cireuit work for the first time, and now I wat t share that experience with you In this 
‘chapter, you'll ear bow the capacitor and the relay work. These are two common and very 
imeresting electronics components, and TTL show you bos to have some fin with them. At the end, 
you'll build your very own blinking light! 





MEET THE CAPACITOR 

‘The capacitors like a rechargeable battery; you can charge a capacitor and use its energy to power 
something. But a battery can hold much more energy ttan a capacitor. A battery can power an LED for 
days without recharging. while most capacitors can power one for only a few seconds at most. 
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Capacitors are often sed o introduce time delays in a circuit. For example, because a capacitor. 
stores energy, it could be used o keep an LED on for a bit more time, even afier the power is shutoff 
‘This linde wick can be used with other components, oo. to create interesting resus. 


How Capacitors Work 

On te inside, capacitors are very simple devices. They're made of two metal plates placed very 
lose together, witha material such as paper inbetween. To save space, the metal plates and he 
eieral benwcen them are folded ar rolled nto a compact package: 
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When you connect a battery to the two sides ofa capacitor, a current lows as the battery tiesto 
pash electrons through the capacitor. But electrons can't flow across he pap between he plates, so 
instead, electrons bild up on one plate and leave the other plate. Eventually, one plate can't hold 
anymore electrons, and the current stops flowing at ht point, we say that e capacitor is fully 
charged. 

Bust just like the electrons in a battery, the electrons inthe capacitor don't like being crowded 
together on the one plane. They want o go over to the side with fewer electrons. This means you have 
stored potential energy in your capacitor. I you disconnect the banery and connect, for example, a 
resistor between both sides of the capacitar, the stored electrons on one plate Will start flowing the 
other way around, through the resistor, in order to reach the plate with few electrons. 





Polarized and Nonpolarized Capacitors 


Capacitors can be either polarized or nonpolarized. Like an LED, a polarized capacitor has a. 
positive and a negative leg, and is positive leg mast always face the positive terminal ofthe hatery. 
The black capacitor shown in the photo is polarized, and its negative legis marked witha stripe and 
mimus signs down the side. The yellow capacitor isn't polarized, so it doesn't matier which leg goes 
where, 








WARNING 


Take care when you use polarized capacitors for the projects in this book and in your wn 
projects. You must connect them the correct vy to prevent them from being damaged. 














Anall circuit that call for a capacitor, you ean use a nonpolarized capacitor as ong as you can 
find one with the right capacitance Capacitance is measured in farads (F), and the more capacitance 
a capacitor lus, the more energy it can store. Nonpolarized capacitors with large capacitances aret 
made because they'd have to be physically very large. Polarized capacitors are able to hold more 
energy in a smaller space, but they have the disadvantage af needing to be connected the correct way 
around. 

When building circuits with high capacitance values, you'll be sing polarized capacitors. Always 
mue sure the positive leg ofany polarized capacitor is connected closest to he positive side ofthe 
batery, 











Capacitor Values 


The capacitors you'll use in this book will have capacitances in the pF (microfarad), nF (nanofarad). 
or pF (picofarad) range. Capacitance tend to be very small, and they're ofen written with the micro, 
"ano, and pico prefixes, which are defined as follows: 


1 (miero) means millionth, so 1,000,000 pF = 1F 
» n (nano) means billionth, so 000,000 000 nF = 1F 
» p (pico) means srillionth, so 1,000,000,000,000 pF 
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Polarized capacitors are big enough to have their values written on them Nonpolarized 
‘capacitors, on the other hand, are a bit wicker. They're usually really smal, so they tend 10 have 
cryptic codes like 104 or 202 always forget what they mean, so when I need to figure out what a 
ertain code means, just look itup in a table. You can find a table of common codes in “Capacitor 
Codes" on page 283. 

But like most things, capacitors are much more interesting to play witi than to read about: Build 
the next project, and youl see for yourself ow a capacitor works. 


This project demonstrates that a capacitor stores energy. Is nearly the same circuit you built in 
"Project: Your First Breadboard Circi on page B4, but this tme, you're going to add a 
capacitor. When you remove the battery from the circuit as shown here, you'll see that the LED 
termins lit for a second or two. That’s because the capacitor is powering the LED using its stored 
po 











Shopping List 





» A breadboard (ameco #20601, Bitsbox #CN329) with at Least 30 rows 
» A standard 9 V battery to power the circuit 

» A 9 V battery clip Jamsco #11280, Bitsbox /BATOSS) to connect the battery to the circuit. 
> A standard LED UJameco #34761, Bisbox #0P003) 

A30 0 resistor (Jameco #661386, Bitsbox #CR25330R) for limiting the current to the LED. 
> A polarized 1000 pF capacitor (Jomeco #158298, Bitsbox #ECIKU2S) 


Step 1: Start with the LED Circuit. 

Follow the instructions fom "Project #9: Your First Breadboard Circuit” on page 84, making sure 
you end up with a Working circuit that lights an LED. Then, disconnect the battery and move oat the 
ext stp, 


Step 2: Add the Capacitor 


Connect your capacitor 1o the banery. Because the capacitor is polarized, place the pin marked with 
mimus sign or a zero inthe same breadhoard row as the battery's negative leg Connect the other leg 
tothe sume row as the atery's positive leg, as shown. 





Step 3: Charge the Capacitor 


Connect the battery to the clip, and the LED should light up. At the same tirne, the battery should tuve 
Very quickly charged the capacitor. 





Step 4: Use the Capacitor to Light the LED 
Watch the LED while removing the battery. The LED shoulda’ tum off right away when you 
disconnect the battery. Instead, it should stay lit far a second or so and then fade out slowly unit 
there's no more energy Ieftin the capacitor. 





Step 5: What If the Circuit Doesn't Work? 
First, check whether the circuit works without the capacitor. If not, then go back to Step 1 and get the 
LED circuit working before you move forward. 

Mihe LED lights up with the battery connected but turns ofthe instant you remove he batery, hen 
something is wrong with the capacitor part of your circuit, Chack that the capacior s positive leg is 
connected to the positive battery leg (row 1 ithe photo) and that the other leg is connected to the 
negative batery leg (row 10 in the photo). 

Mihe cireuit Tonks correct, confirm that the capacitor value is at least 1000 pF; the value should 
be written on the capacitor Iis Less han 1000 pF, try a bigger capacitor. 


DESCRIBING CIRCUITS WITH SYMBOLS 


So fr, you've built circuits with only a few components- To buil 
projects, you usually need more components. But drawing out every component in a big circuit 
‘exactly as it looks in real life can be messy and time-consuming This is where cic diagrams, also 
Called schematis, come to the rescue, 

na circuit diagram, each component has its own simple symbol, which lets you draw the whole 











circuit quickly. As with words and books, until you know what the different symbols mean, a circuit 
diagram might look a bit complex. Let's jump right in and learn a few symbols! Here's a circu wii 
an LED, a resistor, amd a battery, alongside its circuit diagram 








"The battery symbol has a + sign to tell you where the positive eg goes. Sometimes you'll see the 
battery symbol without dhe plus sign; in dat case, the positive side isthe one with the longest line. 





NOTE 


The battery symbol may be drawn with wo ines, with four lines, and sometimes with even 
more ine. Regardless of he mumher of ines, Just look for the specified voltage and use a 
banery with the same voltage, 











‘The witch symbol is very simple, and it doesn't matter which way you draw it. In the LED 
symbol, the ine on the point of the triangle indicates the negative side of the LED, or the cathode. 
Check data fe” version, and you can sce that the LED's positive Ieg is indeed 
connected to the resistor in both diagrams. The resistor, on the other hand, ist polarized, so is 
symbol doesnt have any directional markers. There are boh polarized and nonpolarized capacitor 
Symbols, but our example shows the polarized version, which has the positive side marked with a + 
Siga. Look at both the circuit and the cireuit diagramagain— do you agree that they are the sume? 

Once you learn bow to build something just by looking ata circuit diagram, a whole new world 
will open up for you You can find circuit diagrams for almost anything on te Internet these days, like 
radios, MP3 players, walkie-talkies, or whatever you want o build! each you more circuit. 
symbols throughout this books we use more componcus. 

















MEET THE RELAY 


Tas a very curious child, and T always wondered how things worked. To me, electronics devices 
ike the radio or the television were just magical. T had no idea bow they worked, and I did't believe 
Td ever understand how t make one. 
But one day, Lasked my dad bow it was possible to blinka light automatically. thought ttar if 1 
could only understand that, I'd be able to understand more, Fortuately, my dad was an engineer, and 
he was also good at explaining things ina practicat way. When asked him how to blink a ligh, he 








introduced me to a relay, like the one shown here, 
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Chapter 1 described how you can se switches to turn things on and off Chapter 2 showed you 
how to use an electromagnet i move things. Imagine combining the electromagnet witha switch 

instead of pushing a buon o change the switchs position, you add an electromagnet at ean change 
the switch position for you. That's the idea behind the relay, and this illustration shows how it work: 








The white dots represent the relay spins. Notice that the connections are labeled comman pin 
normally closed, and normally open These labels are defined as follows: 





Common pin (COM) Comected to either NC or NO 
Normally closed (NC) Connected to COM when coil is off 


Normally open (NO) Connected to COM when coil is on 


When the banery isn't connected to the relay coil, te electromagnet doesnt pull, and COM ftom 
the switch is connected o NC, But when you consec the batery to the relay coil, the electromagnet 
"ums on, and the switch is pulled so thut COM ges connected to NO instead, You can conector. 
disconnect a battery from the electromagnet to change the position ofthe switch! 


Using the Relay to Blink a Light 


you were to connect a relay to a battery so that the electromagnet connects to the battery through the 
relay's COM and NC switch contacts, the electromagnet would turn on and off continuously. Here's 
an example relay circuit that's also connected to a light bulb: 








Before you connect he battery in this circuit, the electromagnet would be off, leaving the COM. 
and NC switch contacts connected. With the batery connected t the circuit, the electromagnet would 
receive power from the banery through the switch. This means it'd pull the switch and connect COM 
and NO instead, giving the light bulb power fromthe battery. 

But with the switch in this position, the battery would no Longer be connected to the coil, and the 
elecromagnet would Tose its power. When the electromagnet has no power, the switch falls back to 
its original position, disconnecting the battery fom the light bulb. The battery would power the 
‘leciromagnet again, and the process I just described would repeat 

In this example, it seems like you'd get a blinking light, right? In theory, yes But the relay would 
switch on and of so fast you wouldn't see the light turn on and off properly! Instead, you'd bear a 
really fast ticking sound as the relay switched back and forth, but the light would appear to stay dark 


Slowing Down the Blinking 


To build a circuit that lets you actualy see the light blink, you need to slow down the relay. The 
capacitor can help with this. In "Projet #10: Testa Capacitor" on page 92, adding a capacitor to the 
TED circuit made the LED stay on for a short time afer the battery was disconnected. H you 


connected a capacitor across the electromagnet in our too-fast blinking-light circuit, the electromagnet 





‘would stay on for a bit, too. 
Bur the electromagnet woulds't stay off for long, so in this case, the light would appear o be on 
all the time. To make it stay off longer, you'd nesd o slow down the charging of the capacitor so it 
‘woulda’ jump back o filly charged as soon as it discharged, To do this, you could reduce he amount 
of curent lowing into the capacitor. And how do you reduce the amount of current? With a resistor! 
To blink an LED lih with a relay, you'd se a circi ike this one, which we're going to build nex 




















M's time for you to build your first blinking light by lashing an LED. Here's the complete circuit 
diagram —do you recognize the component? 
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When connecting a circuit it’s belpfl to connect it in a way that Looks like the circuit diagram. 
That makes it easier to find out what's wrong if your circuit isn't working later and you 

that your circuit doesn't work on the 

is part ofthe game! 








Shopping List 





» A breadboard (Jamcco #20601, Bitsbox #CN329) with at least 30 rows, 


> Breadboard jumper wires (Jaco #2237044, Bitsbox #CN236) for making easy connections. 
(Standard hookup wire works, 100.) 


P A standard 9 V battery to power the circuit. 
P A9 V battery clip Jamsco #11280, Bitsbox /BATOSS) to connect the battery to the circuit. 

A DPDT or SPDT relay (anco #842996, itsbox #SW073) witha 5 V, 6 V, or 9 V coll 

P A standard LED (Jamsco £34761, Bitsbox #0P003) 

P A polarized 1000 pF capacitor (Jomeco #158298, Bitsbox #ECIKU2S) 

P A 100 0 resistor Jameco #690620, Bitsbox #CR25100R) fr limiting the current to the capacitor. 
A30 0 resistor (Jameco #661386, Bitsbox #CR25330R) for limiting the current to the LED. 





Step 1: Identify the Relay Pins 


‘Not knowing which pin on the relay is which is the biggest source of error when building this circuit, 
o let's ook at these pins now. To find the function of each pin, lookup the dazashce for your relay. 
A datachcct is a document that tells you how an electrical component works, For a relay t should say 
‘what voltage you need for the electromagnet coil, bow much curren you can un through the contacts, 
and so on. You should be able t find a linkto the datasheet on the product page where you bought 
our relay: 

For the relay I recommend, the pins are placed as shown here 
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"This type of diagram is called a pinout, and it shows the function of cach pin. The view is from 
above with the pins out of sight below the plastic case ofthe relay. 1 suggest drawing the pinout ona 
piece of paper and keeping it on your desk while you connect the circuit so you can check it 
repeatedly and make sure you're connecting it the right wi 

In this relay, pins 1 and 8 are for the electromagnet coil—you can identify ese pins by the line at 
"be top. When you look at the real relay with the line at the top, be pins shouid be in the same places 
as in the pinout. 

"The pinout also shows that there are two switches inside, Pins 2 to 4 make up one switch, and pins 
5107 make up the other, Don't worry about memorizing the relay pins, tough. You can always refer 
to the pinout if you get stuck, and I encourage youto do so whenever you need o. Also, different relay 





types can have different pinouts. 


Step 2: Make the Relay Switch Fast 


First, let's connect the relay so that it switches on and off automatically. Place the relay in the middle 
of your breadboard, centered over the noth, with one side in each component area. This way, no pin 
Should be connected o any other pins. 

Plug your battery clips positive Ieg into the positive supply column on the left and plug the- 
negative le int the negative supply column onthe same side. Connect a jumper wire frm the 
negative supply column to the same row as the right coil pin pin), shown as row 9 this diagrane 








Next connect a wire Bom the plis column on the Left to the relay s common switch pin (pin 2). In 
this diagram, the common pin is in row 12, column B. Then, conecta wire Bum pin 3 on the relay 
(the NC pin) in the coil pin (pin 1); tis is the yellow wire going from row 14 to row 9 in column Bin 
the diagram Connect the 9 V battery, and you should hear a really fst cking This is the relay 
‘uring on and oft Disconnect the batery for mow. 








Step 3: Make the Relay Stay On Longer 


“The next step isto slow down the relay by placing a 
Connect the capacitor as shown here: 


actor across the coil ofthe electromagnet. 








Inthe diagram, P've connected the negative capacitor eg to pin 8 on the relay by plugging it into 
tow 9, colum H and connecting the positive leg to pin 1 on he relay at row 9, column D. Whichever 
holes you use, just make sure you connect he capacitor's negative leg to the same relay pin as te one 
you connected the negative supply to. The negative capacitor leg is usually marked with a stripe, a 
ero, or a minus sin 

Connect the battery to test your circuit, You'll know it's working if you bear the telltale ticking 
sound. The ticking should be much slower now, which means that the relay is staying on fora longer 
time. But in the instant the relay is turned off, the capacitor should charge again, leaving the relay elf 
for only a faction ofa second. You'll fix that in the next step, so disconnect the battery again now. 


Step 4: Make the Relay Stay Off Longer 
Let's add a resistor before the capacitor to redice the ammount of curent flows and foree the 
‘capacitor 1o take more time to charge. To do this, simply replace the wire between pins 1 and 3 on th 


relay (the yellow wire connected rows 9 and 14 in my diagrams) with a resistor of about 100 £ as 
shown bere: 








Connect the battery to test it The relay should stay offa it longer now, and yo ll recognize this 
bythe "ick tok" sound of the relay. 


Step 5: Add the LED and Resistor 


Disconnect he battery and add the LED and the 330 0 resistor to the circuit Connect the long lego 
the LED to the NO pin of'the relay (pin 4). My LED's long leg is connected to row 16, because the 
NO pin is plugged inno that ow. Connect he other leg to an unconnected row below, such as row 19- 
Connect the resistor from the same row to the negative colum on the supply side 

Your breadboard should look something like this: 








Compare this to the circuit diagram at the beginning af the project to see how the symbols match. 
Now, connect te battery and watch the light blink! 





Step 6: What If the LED Won't Blink? 
‘yu can't get he LED to blink, go back to Sep 1 and check your work ough to Step 4. This 
should give you a relay tht tus on and off automatically. Itt works, then you should be able to 
connect the LED ad resistor to have a working circuit 

Mibe LED säll doesnt blink, confirm you've connected it according to the diagram. Still no 
Juck? Remove the LED and the resistor om the circuit and then conect only these two to the Bary 
il you can make the LED light up. (Follow the instructions in "Project #9: Your First Breadboard 
Circuit” on page $4.) Ifyou can't male the LED light, tben your LED may be broken or your resistor 
maybe the wrong value: 








TRY IT OUT: MAKE YOUR INTRUDER ALARM MORE 
EFFECTIVE 

“Try connecting relay to he Intruder Alarm you built in Project #2 on page 11 so that when 

Someone ies t enter a room, they cant tum off he alarm by closing the door. When your relay 

is triggered by a switch, it should say on This diagram shows how you can connect the relay 

own in blue) to the rest of the circuit (shown in lack). When the alarm is triggered, the beep 

‘will cominue to sound until you disconnect the banery 











WHAT'S NEXT? 


‘You've come a long way in this chapter! So fr, —€—— 


clectonies work resistor, LEDs, capacitors, and relays}, you've connected a few cirais ona. 
a even made your own projec tat blinks lig. Hopeilly, you 
understand why the ligt blinks 


You've already connected a [ew circuit on a breadboard, which is a aefl skill when you 
simple prototypes. Bur when you want a circuit's components 
ler them and T'I) show you how in the nex chapter. 








6 
LET'S SOLDER! 


Ia Chapter 5, you used a breadboard to build new circuits. A breadboard Iets you quickly test new 
ideas and experiment with different components to see the result, bu it ista permanens soon. 
Components can easily ll out, and there can be loose wires all over the breadhoand. When you want 
to ise a circuit ora Tong time without changing it it's bete to solder the circuito a irruit board, 
Soldering is kind o£ like gluing: you melt a material called solder oto the component legs so the 
‘components stick to the crest board A circuit board has holes like a breadboard, and when you 
solder components to it, they become connected by plates of copper 

“This chapter will teach you how to solder, starting with a simple LED circuit This will give you 
the foundation you need to solder your own circuits later. After sou ve practiced the basies in this 
chapter, u'll continue soldering in Chapter 7 to build a tocheemabled switch and a circuit hat 
Wakes you up when the suni rises in the morning 





HOW TO SOLDER 


To solder a cireuit, you nsed a few tols: 
» Solder 

» A soldering iron 

PA stand to hold the soldering iron 

> A damp sponge 

P Safety goggles 





Solder is a mix of metals that can easily melt at high temperatures, The most commonly used 
solder melts at around 360 10 370 degrees Fahrenheit. 





A soldering iron is a pen-shaped tool that heats up to a temperature high enough to melt solder If 
you pur solder on the tip ofthe soldering iron, the solder melts. 


N 


soley on 


Soldering is quite casy once you learn the basies, and one important basic stp is to tike afew 
safety precautions. 


Soldering Safety Tips 
Soldering irons get extremly hot, and you can burn yourself if you touch the metal part ofa soldering 
iron while it's plugged in Always reum the soldering iron to its stand when you re ot using it 
never Iny it directly on a surface. Avoid touching joints (soldered connections) and componens for a 
ew seconds afier you solder them to. They can get hot enough to burn. 

Here are some other importan safety tips to keep in mind while soldering 








E 
» If you're soldering on a table, protect the surface with a piece of wood or some thick cardboard 


ep the hot pars ofthe soldering iron away fromthe power cord. 


» Always wash your hands after handling solder. 


> If you do get burned, don't panic. For a minor burn, immediately cool the burn with running cold 
water, keeping the burned area under water for at leas ve minutes. Puting ic on a burns and, 
too, but make sure to do the initial cooling with water right away. 





Ask an adult to supervise your first few attempts at soldering. and remember: soldering is fun but 
soldering irons must still be sed with great care. With those tips in mind, read the rest ofthis section 
fara step-by-step guade to basie soldering 


Heat the Soldering Iron 


The first step of'soldering 
put on your safety goglet 





isto plug in your soldering iron and place it on your stand. Don't forget to 





Aera minute or nwo, check whether the iran is hot enough by touching some solder to the tip of 
the iron. Ifthe solder melts, your iron is ready to go. 
Clean the Soldering Iron Tip 


Touch the tip of your soldering iron to a damp sponge to ci 
benter than a dirty ane, so clean the tip often. 





can it. A elean tip transfers heat much 





Tin the Soldering Iron Tip 


Here's a little trick 1o heat the joint faster, adda bit of solder to the tip ofthe soldering iron just 
before you start soldering. This is called rimming. This must be done jist a second or two belare 
soldering o be effective. 


Heat Both the Pin and the Pad 


Place the tip ofthe soldering iron onto both the component leg and the copper strip. Heat the strip and 
leg ora couple of seconds before you move on to the next step 





Add Solder 
While keeping the soldering iron tip onthe joint, touch some solder to the leg and the copper strip. As 
the solder melts, slowly add more until theses just enough to coat both the Ieg you're soldering and 
‘he copper strip you want to comect it to. When you have enough melted solder, remove- 

wire om the joint while still keeping e soldering iron tip on the joint- 








Remove the Soldering Iron 
Finally, remove the soldering iron tip from the joint and place the iron n its stand. Always do this 
st Ifyou remove the iron while the solder wire s touching the solder joint, e solder wire may get 
stuck to the circuit board when he solder joint hardens. 
Your solder joint should have a cone shape. 








you're done soldering, ten unplug the iron so it can cool down, 


Watch Out for Bad Solder Joints! 


1s important to beat both the component leg ad the copper strip with the iron before touching solder 
1o either. When you beat only the component Ieg and mot the copper strip, the solder sticks to the leg, 
but there's no connection between the solder and the copper stp. I only the sirip is heated, the 
solder wil stiek to the strip, but not the leg It could look liks a gnod soldering joint from a distance, 
but the solder probably won't be conected to the eg. 

You mast also make sure the solder doesn't float over 1o another copper strip next to it This will 
create an unintended connection betwen the two strips, 
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your solder joint doesnt look right, don't worry. Just reheat the joint, the component leg, and the 
copper sip and add more solder to achieve the cone shape ofa good solder joint. Then. you should 
be pood o po. 





Now, les get soldering! In this project, you'l solder the resistor and LED circuit fom "Project 
Powering an LED" on page 78 toa circuit board. The battery should make curre fow in the circuit, 
"be resistor should make sure there isnt too much current, and the LED should light up. 
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Shopping List 





A standard 9 V battery to power the circuit 
A9 V battery cip ameco #11280, Bitsbox #BATO33) to connect the battery to the circuit. 
» A circuit board (Jameco #2191488, Bitsbox #EWUOS) with copper strips. 

» A standard LED (Jamsco #34761, Bitsbox #OP003) 

A330 0 resistor (Jameco 4661386, Bitsbox #CR25330R) for limiting the current w the LED. 


Tools 





» A soldering iron (for example, Jameco #116872, Bitsbox #TL031) 

» A stand (fr example, Jumeco #36329, Bitsbox #TLO32) to hold the soldering iron 

» A roll of standard solder wire (for example, Ianeco #94570, Bitsbox éHWO2) 

PA wet sponge to clean the tip ofthe soldering ion. 

> A wire cutter (Jameco #35482, Bisbox #TLONS) to cut off excess Legs fom componens 


Step 1: Place the Components 


{Look at your circuit board and get familiar with the connection pattern on it The circuit board 1 
recommend is called a prototyping bourd, and it's covered with ile straight strips of copper, each. 
with lons of holes. Any component leads that you solder nto holes that share a strip of copper will 
become electrically connected 

Place your resistor and LED legs through the circuit board. The resistor should stare a copper 
strip with the LED's positive lead: Note that the strips shown in the figure arc on the bottom side of 
‘he board, which is why they're not capper colored in the picture. Anytime a project involves 


soldering to a circuit board I show shadows ofthe copper strips so you can see where the 
Connections are underneath. 


Step 2: Bend the Component Legs 
Carcflly fip your circuit board aver so you can see the copper; old the LED and resistor in place 

with a finger if needed so they don't bil out Then, slighily bend each conponenrs legs outward so 

thatthe LED and resistor stay in lace even with the copper side up. Keep the board copperaiden. 
orm, 


HOW TO READ THE CIRCUIT BOARD ILLUSTRATIONS 
‘Throughout this book, you'll see circuit bord illustrations I created ina program called Fritzing- 
“These illustrations show the op side of the circuit board so you can see how the components 
look and they show the bottom side—a slightly darker colo than the tp—so you can see haw 
the copper strips look. 

"When following my instructions, always orient your cireuit board with the copper strips onthe 
‘bottom going in the sarme direction shown in the illustration: I you ever get confised about how 
jou shouid read the comections in a circuit board illustration, just refer back to this example 


p via polo lt board 
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‘Ifyou want to create your own circuit ilusations with Fritzing, you can download the frc, 
opensource sofware from lp; waw riti org 


Step 3: Heat and Clean the Soldering Iron 
Your component should be i place and ready to solder, so plug in and heat up the iron mow. This 
"may take afew minutes. As always, check to see whether the ionis hot enough y touching some 
Solder to the tip to sce whether it els 

Before you start soldering, clean the tip ofthe soldering iron, oo. Wet your sponge just lite bit 


and wring out any excess water. Then, wipe the tip ofthe iron on the sponge to remove any old 
Solder, 


Step 4: Solder the Resistor and LED 


With the copper side ofthe circuit board facing up, solder each component leg to the board, as 
described in How to Solder” onp "Your board should look like this: 





Step 5: Trim the Legs 


Right now, your LED and resistor have really long legs. You don't want to leave them sticking out 
because stay metal can create intentional paths between components. At best, that could prevent 
your circuit fom working until you move the leg away om he component ie shouldn't be touching: at 
Worst, an uintended connection could break a component. To prevent accidental connections, cutoff 
Sach leg just above the solder joine. The legs ould go ying when you cu them so trn the board 
away fom your eyes or wear safety goggles for protection. 





TIP 


Hold the circuit board over an empty as while you eut the legs off to prevent the scraps fam 
getting lost and to make cleanup easier. You could also rest the circuit board an a table and 
fll he og with one hand while vou elip. 














Step 6: Solder the Battery Clip 


This circuit also needs a way to connect the battery to the components, so solder the battery clip to the 
sicut board nov. 


v 





The red wire from the battery clip is the positive wires connect itto the copper strip that connects 
only to the resistor, not the LED. The black wire is the negative lead, so connect it to the negative 
side ofthe LED, Your circuit board should now look like this: 





Step 7: Let There Be Light! 


Now, le's test your circuit, Plug in the battery, and your LED should light up! 





Step 8: What If the Soldered LED Circuit Doesn't Work? 


‘your LED doesn't light, check that you dor t have any unintentional comectons Is solder 
connecting two joints that shouldn't connect? Are exa long component legs making contac? 

Next, inspect your solder joim closely. Do any of them look like the examples af bad connections 
described in" Watch Out for Bad Solder Joints" on page 117? If so, you might need to ow a litle 
more solder: warm p your iron again and try to make sure your solder joins look like lile 
pyramids, 

‘Check the placement ofthe LED, too. Did you comeet it correctly? Because you've cut ofthe 
excess legs, you can't sce which leg is Longer anymore, but if you Look closely at the LED, you should 
see that one side ofthe base ofthe plas housing is fattened. This is the negative side, Which should 
be connected to hc batery cip s lack wire. If you've placed it the wrong way, here's one quick fic 
use your wire cuters to cut the batery clip leads removing the clip from the circuit board. Now. 


solder the positive battery lead where the negative lead used to be, and solder the negative battery 
Jead where the positive Lead used to be. This works because it doesn't mater which side of the LED. 
the resistor ison. 


OOPS! HOW DO I REMOVE A SOLDERED 
COMPONENT? 


Sometimes, you'll make mistakes when soldering For example, what if you soldered the battery clip 
the wrong way or used a 33000 0 resistor instead ofa 330 02 one? Well, don't worry: even he most 
experienced engineers mess up at soldering somtimes and here's a way to fix your cireuit when it 
happens. In these cases, you eed o desolder, which just means to remove the solder ftom a solder 
joint 





you solder The solder wi 
raid. 








When you place a piece of solder wick oa op ofa solder joint and heat boih together, the solder 
should melt as usual, ad the solder wick should absorb the liquid solder justas a dry cloth absorbs 
‘water. When you remove the solder wick, the solder should be on the wick instead of on the circuit 
boar 


Knowing bow 1o desolde is very eíl, and not just fr fixing soldering mistakes. For exanple, 
desoldering will lt you exchange a broken component in a circi for a fesh one or you can 
desolder a component to reuse it in another circuit. In this project, PII show you bow to desolder your 
battery elip from the previous project. 





Shopping List 





P The circuit from “Project #12: 





Solder Your First LED Circuit" on page 


Tools 
» A soldering iron (fr example, Jameco #116872, Bitsbox #TL031) 

» A stand (for example, Jameco #36329, Bitsbox éTLO32) to hold the soldering iron 
> A wire cutter Jameco #35482, Bisbox #TLOOS) to cut the solder wick 

» Solder wick (lameco #153462, Bisbox #HWOR2) to remove the solder. 





Step 1: Heat the Soldering Iron. 
Plugin your soldering iron and wait o tto heat To test he temperature, ouch some solder wire to 
the tip: the solder wil melt when the aron is warm enough. 

Step 2: Place the Solder Wick on the Solder Joint 

Lay the endof your solder wick ontop ofthe solder joint for one banery clip wire. 








WARNING 


Solder wiek can get very hot when you heat it with the soldering ion, so don't hold the metal 
prt by your fingers. 











Step 3: Heat the Solder Joint and the Solder Wick 


Place the tip ofthe heated soldering iron on top afthe solder wick, directly over the solder joint you 
wantto desler, 





After a few seconds, the solder should melt and flow onto the braid. Lift the braid from the board, 
together with the soldering i 





Step 4: Trim the Used Solder Wick 
Remove the braid Som the joint and look at it. The braid should have solder in it 





Much like a dirty cloth, this bit of wick is too dirty to use anymore. Use your wire cutter to cut off 
‘he picce thut has solder inside. 

Now, inspect your solder joint. there's no solder left connecting the component Ieg to the circuit 
board, tien you should be abie to remove the wire from the bole. Hnt, repeat Steps 2 and 3 witha 
tesh bit af solder wick and then repeat Step 3 unti you can remove the wire. 





Step 5: Remove the Other Battery Clip Wire 


Repeat Steps 2 to 4 for the other batery elip wire, and you shouldbe able o completely remove the 
bariery clip rom te circuit board. At ihis point, the copper side of your circuit board should look 
something like ts 





TRY IT OUT: SOLDER MORE STUFF! 
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WHAT'S NEXT? 
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CONTROLLING THINGS WITH 
ELECTRICITY 


Electronic components lt you build smart things, like a lamp that turns on when it gets dark ora door 
"at opens automatically when you approach it. In this chapter, you'll eam about a new component 
‘tat will elp you build such smart objects: the transistor. 

"The previous chapter showed you how to solder, and this chapter's projeets—a touch sensor and 
an alarm Bat wakes you up when the sun rises will give you more chances o practice your 
soldering skills, All you need for each project is the transistor and a few additional componens. 





MEET THE TRANSISTOR 


‘The transistor ìs the most important component in electronics, and if you've ever heard experienced 
hardware enthusiasts tulk about it, you ve probably noticed that they tend t use a lot of difficult 
Words, But the transistor really isn't hard to understand in fact, you've already used something that 
sets lot like one! Do you remember the relay you leamed about in Chapter 5? The trarsistor is 
‘similar to the relay in muny ways: t's like a switch that you can open nd close with electricity. 
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A transistor as three legs, Ina standard NPL transistor; the thee legs are called emitter, hase, 
and collector. You'll often see these labeled e, A, and in circuit diagrams. You turn the transistor on 
and of bot is, you openand close the switch with the base and enter legs, and you connect a 
‘rout that you want o control between the collector and the emitter legs. 

When you look at our example transistor withthe flat side facing you, the Iefimost leg is the 
‘emitter, the middle Ieg is the base, and the rightmost leg is the collector. But this is mot the case fr all 
"ransisors, so always check the datasheet or your transistor to find out which leg is which. 





Why Use a Transistor? 


Ja transistor acts like a switch, hen you might be wondering when you'd want to use a transistor 
Instead ofa switch in the fest place. Well, think about a fn if it's hot in your room and you want 1o 
"urna fan on, you have to manually fip a swih But if that fin were part of the right ki of circuit 
with a transistor and a few other components, you could make the fan ten on automatically when the 
temperature in your room rises above 75 degrees Fahrenheit. To make this happen, you'd need one 
icut hat could sense temperature and another circuit that could tum ona fan. 

Now, imagine a temperature-sensing circuit that gives a voltage when the temperature is above 75 
degrees and no voltage if the temperature is below. If you were to connect one wire from the fan to an 
NPN transistors collector, connect the fan's other wire to the positive terminal of the battery, and 
‘connect te transistors emitter to the baterys negative terminal, the transistor would contral when 
the fan is switched on. 
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“Then, you could comnect the output ofthe temperature-sensing circuit to the controling part ofthe 
transistor- that is, the base and emitter. In such a circuit, the fan Would tum on when the temperate 
rises above 75 degrces and turn off when tne temperature is less Lets look at how the rarsstor's 
"switch closes in the first place. 


How the Transistor Works 


Whena litle bit of current lows ftom the base of a transistor to the emiter, the transistor "closes the 
switchi" so that current can also flow fromthe collector to the miter. 
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In Chapter 1, I explained dat voltage pushes current through a circi. For current to flow fom the 
base to the emitter, there needs o be a voltage to push that current: When the curent flows Bom the 
base to the emitter, this opens a path for the current o fow between the collector and the emiter. You 
can also control the amount of current that flows between the collector and the emitter by changing th 
current flowing from the base to the emiter. 

The specific type of transistor we're talking about is an NPN-type bipolar junction transistor 
“This long name describes the materials inside the transistor. There's some advanced chemistry and 
physics behind how it works, but you don't need to know all ofthat to build cool circuits with a 
"ransistor you just ned to know what the transistor does. 

"The inportant thing to remember for now is that different transistor types exist. For each transistor 
project in this book, just use the type T describe in the Shopping List sections, and your circuits will 
work just fine. And of course, when you build circuits ouside this book, be sure o use the ype of 
transistor specified in the circuit diagram. 





Controlling an LED with a Transistor 
Other projects in this book have used this simple LED circuit, complete with a resistor and a battery: 


wo Yy 
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Based on what you've learned so ar, what do you think would happen if you pua transistor 
between the resistor and the batery's negative terminal? 


"With no voltage on the transistor s base, or the controlling pin, no current lows from the base to 
‘he emiter. That means no current can flow between the collector and the emitter either, and the LED. 
wouid be oft 

But if you were to apply a small voltage to the hase for example, by comecting a small batery 
to i Abe transistor would let current ow fromthe collector o the emitter, and the LED would glow 
A transistor that allows current to pass is considered on; a transistor tat doesn't allow current to 
Pass is considered off. The amount of voltage needed to turn an NPN transistor on is about 07 V, so a 
incite this one would allow current o pass through properly to light the LED: 
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Normally, you woulda connect a batiery to the base. Instead, you'd connect another circuit that 
you want to control the transistor, like alightsensing circuit at gives a small voltage when it detects 
Tight. A circuit like thut would mr the transistor on and of according to the light 


You can build a circi like this o control LEDs and other components. In the nex project, PII 
show you how to use a transistor to tum an LED on with the touch of your finger. 


Did you know that your finger can act as a resistor? Your finger has a resistance ofa few megohms 
(MO), and that's a lot! This resistance varies, though. IF your finger s sweaty, for example, the 
prew idang nabang 





In this project, you'll use your finger as a resistor to complete a circuit that turns on an LED, 
creating a touch sensor. A sensar is a component that can measure things inthe world around you, 

ike light o temperatur. In many cases, a sensor is a resistor that changes its value based on light 
level, temperate, or some other physical quantity you might want to know about 

you connect a resistor ofa fev megofme between the positive side of your battery and the base. 
ofthe transistor in this circuit, a small current should low though the base af the transistor to the 
Emitter. This curent should be large enough to tem the Wansistor on and et a lile bit ofeurrent low 
"iom collector 1o emitter, 

This circuit has a transistor, a resistor, an LED, and a batery, just like the one in the previous 
section. This timme, instead ofa separate battery, you'll connect the 9 V battery to the trarsistnr's base 
‘with your finger through a kind of touch pad. The touch pad will just be two exposed wires placed 
‘close enough together that you can touch both with your finger at dhe same tms 
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Notice tht instead ofa 330 0 resistor with the LED that you sed before, this cireuit uses a 100 £2 
resistor Often the resistance in your finger sto high that the transistor won't un on fully. With a 


smaller resistor, you should still get a bright LED, even if your finger’ 





resistance is a bit high. 


Shopping List 





» A standard 9 V battery to power the 
A9 V battery cip (ameco #11280, Bitsbox #BATO33) to connect the battery to the circuit. 
» A circuit board (Jameco #2191488, Bitsbox #HWOOS) with copper strips. 

» A standard LED (Jamsco #34761, Bitsbox #0P003) 


» Two pieces of exposed wire, cach about 1 inh long. You could also use two legs you cut fom 
components in other projects. 


» A transistor 2N3904 (Jameco #38359, Bitsbox #QD018) 
> A 100 0 resistor Jameco #690620, Bitsbox #CR25100R) for limiting the current to the LED. 





Tools 





» A soldering iron (for example, Jameco #116572, Bitsbox #TL031) 
» A stand (fr example, Jumeco #36329, Bitsbox #TLO32) to hold the soldering iron 
» Solder wire (for exunple,Jumeco #94570, Bisbox #HW022) 


» A multimeter (Jameco #2206061, Bitsbox #TLOST, Rapid Electronics 59-8062) to measure 
‘voltages if the circuit doesn't work 


> A wire cutter (Jameco #35482, Bisbox #TLOOS) to cut off exc 





s legs. 


Step 1: Place Components on the Prototyping Board 

Place the LED, the resistor, and the transistor into the prototyping board as shown. Make sure a 
copper sirip connects the resistor to (1) the LED's cathode eg and (2) he ramistor's collector lg. 
Bend the legs on the copper side of e board so that the components stay in place- 





Step 2: Check Your Component Placement. 
Before soldering. look on the copper side of he board and double-check thut our components are 
placed according to the directions im Step I. Inspect the orenbtion ofthe LED athe ramisor 
specifically, as these must be soldered the correct way far your circuit to work 


Step 3: Solder the Components and Trim Excess Legs 


Solder the componens to the board, just as you leamed in “How to Solder” on page 112, and then use 
your wire cuties 1o cut off the excess legs. Wear your safely goggles and take care to turn the board 
away fom yourself in case bits of wire ly olas you cut, 








Step 4: Solder the Touch Pad 
Next, solder the two pieces of exposed wire: Connect one wire to the LED's anode leg, with the other 
end on an empty copper strip. Connect the other wire to the base of the transistor, also with the other 
fend on an empty copper strip. Solder them in such a way that yow can touch both with your finger. 








Step 5: Power It Up! 
Now you need power! To finish the job, first solder the battery clip to the board, placing the red and 
black wires as shown at, After you've soldered the batery clip, plug the battery inn itat. 





“This uch-sensor circuit is rendy to test! 


Step 6: Test the Sensor 
‘Touch both exposed wies at the same time with your finger. Your LED should light up. I you can't 
see the LED glow, uy nurning ovt the light in your room the LED might just be dim. you still can't 
Sec the LED glowing, dip your finger in water and ry again, as wening your linee reduces its 





WARNING 


Use only a finger to touch the exposed wires: If vou use something with a very low resistance, 
like a piece of wire, you can destroy the ransiior 











Step 7: What If the Touch Sensor Doesn't Work? 


Y nothing happens when you touch the wires, start by checking the direction of your LED and your 
transistor Is very common to mix up the pins of these componens, so go back to Sep 1 and make 
sure they're connected on the prototyping board's copper strips, according to the images. 

Mihe LED and the transistor are connected correctly, you can use your multimeter to measure he 
voltage between the base and the emitter ofthe transistor on the controller side, without touching the 
touch pad. Set your multimeter toa DC voltage range 20 V DC, fr example and then connect one 
milinetr cable to the base leg and ane to be emitter leg, as shown. The multimeter should show a 
value around 0 V. Now, place your finger on the touch padi and measure the voltage again, The 
militer should show around 0.7 V. 





Mihe controller side ofthe tansistor is fine, check the switch side, Measure the voltage ftom one 
legof the LED to the other, without touching the touch pad, You should see 0 V on the multimeter, 
Place your finger on the touch pad and measure again: now it should be around 1.7 10 2 V- 

either multimeter measurement gives you incorrect values, then check your comections against 
"be circi diagram one more time, paying extra attention to the two exposed wires. Finally, check 
your solder joints, look for stay pieces of wire or solder bridging the gap between copper strips, and 
fix any bad connections you find 








DIFFERENT TOUCHES? 

“Try touching the two exposed wires lightly and note the brightness ofthe LED. Now, ry pressing 
really lard Can you sce any difference? Have friend repent the experiment. Was the LED's 
frighness whoa your rend touched the wires different from when you touched ten? Ts, ut 
‘means you rend s finger hs a differen resistance! 

‘When you press harder, the conection between he wires and your finger improves, reducing 
the resistance sits easier for the current to flow. 

Here's another fun ing to try with a friend: Touch one of the wires yourself and have your 
fiend touch the other. Then, hold your friend's free hand with your free hand. Can you sec the 
LED tight up? Now, the current goes from the battery through both of your bodies and into the 
"rarsistor But don't worry he current is so low that i's not dangerous and you won't feel 
anything 


RESISTORS THAT CAN CHANGE VALUE 


‘Up until now, you've used only resistors that have a fixed resistance, but you ean also find resistors 
that havea variable resistance value, which means the resistance can change. For example, some 
resistors change value when you turn a knob, while others change their value based on the 
temperature or the amount of light. This section nodes two variable resistors: the potentiometer 
and the photorcsistor 


Meet the Potentiometer 
In Chapter 4, you learned about the standard resistor, a component ht has a certain, unchangeable 
resistance. The potentiometer is also a resistor, but it has a variabile resistance, and Ds often used ux 
control things sucit as the volume of a speaker. (You know the volum: comrol on the radio? That's 
ena potentiometer.) A potentiometer usually has three pins and a shaft you can rotate to change e 
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"The potentiometer symbol represents how the potentiometer works and the functions ofthe three 


pins. The resistance between pins 1 and 3 is a fixed resistance of a certain value. This value is equal 
tothe value listed when you buy be potentiometer. Ifyou have a 10 KE potentiometer, for example 
then the resistance between pins 1 and 3 will be 10 K2 

Pin 2 is called the wiper. It connects to the resistor somewhere between pins 1 and 3. You can 
change the position ofthe wiper by turing the shaft of the potentiometer If you turn the shaft so tat 
the wiper comes closer to pin 1, the resistance between pin 1 and the wiper gets smaller, but the 
resistance between pin 3 and the wiper becomes larger. 








Meet the Photoresistor 


A photovesistor is another variable resistor. Photo means light and this component s resistance 
‘changes with the amount f light shining on the to of i. Sometimes this component is also called a 
light dependent resistor (LDR) because its value depends on ight 

Photoresistors are made of a material with some special properties. Inthe dark this material has a 
high resistance, but when light shines on i, the light energizes electrons that would otherwise be 
bound in the material. Those energized electrons can flow freely through the material, reducing the 
resistance. The more light that shines on the photoresistor, the es resistance it has 
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DIVIDING A VOLTAGE WITH RESISTORS 


When the resistance ofa photoresistor or potentiometer in a circuit changes, the voltage and/or the 
current mast change, oo, according to Ohm's lav. (See “Introducing Ohm's Law" on page 73 if you 
Want 1o walk through the math again.) Ifyou make your variable resistor part of a circuit called a 
voltage divider, you'll get a voltage ouput that varies with the resistance. You can use ht changing 
voltage to control another component in your circuit. Knowing how to identify voltage dividers can 
also help you understand how other crests werk. 


What Does a Voltage Divider Look Like? 

you connect two resistors with the same resistance to cach other and to the positive and negative 
sides ofa batery, the voltage where your resistors meet will be half the banery voltage lor 
example, 4.5 V if you we a 9 V battery. This circuit is called a volage divider 

















ruler 
you use unequal resistors instead a identical ones, you can we a voltage divider n get voltages 
anywhere from0 V up 10 your banery voltage. You just need to do a lile bit of math. 


Calculating the Voltage from a Voltage Divider 
Let's say you have the following iret, What’s the output voltage (Fg rom this cirouit? 
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To find Vap enter the values fom the circuit imo the following formula: 
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Indis example, the ouput voltage is 6.77 V—roughly two-thirds af the 9 V input fam be battery, 





How a Voltage Divider Can Help Measure Light 


Inthe beginning ofthis section, I mentioned that the voltage divider can help you measure light, but 
how do you do thar? Just replace one resistor in the voltage divider with a photoresistor, and yo ll 
get a circuit that outputs a voltage based on the amount of light shining on it. And by adjusting the 
other resistor in the voltage divider, you can set the circuit to give a certain volage ata certain light 
Tevel. Connect the output of this circu to a transistor that controls a buzzer, and you've got yourself a 
ligh-conrolled alarm! 











1s time to combine all the concepts you've learned ín this chapter into one fan project a sunrise 
Wake-up alam 

‘This circuit starts an alarm when it detects light. After you build it, you can place it in your 
window (between any curtains and the glass) when you go to bed. When the sun rises, your circuit 
should detect the light and start he alarm, leaving you with no choice but to get up and turn it of 
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“This project uses a transistor, a photoresistor, a potentiometer, and a buzzer. The photoresistor 
and he potentiometer create the voltage divider, and the output ofthe voltage divider is comected to 
the base ofthe transistor, Tbe amount of lighe the photoresistor detects will determine whether the 
transistors on or off If ihe transistor is on, current should flow though the buzzer, and the buzzer 
should make sound. The potentiometer is there to set how much light the circuit needs before the 
alarm riggers. 


Shopping List 





» A standard 9 V battery to power the 
A9 V battery clip ameco #11280, Bitsbox #BATO33) to connect the battery to the circuit. 
P-A cireuit board (Jameco #2191488, Bitsbox #HWOOS) with copper strips. 


> Insulated wire Jameco #36792, Bitsbox /WIOGBK), about 10 inches in length Standard hookup 
wire works fine. 


» A transistor 2N3904 (Jameco #38359, Bitsbox #QD018) 
» A 10 KO potentiometer (Jameco #2118791, Bitsbox #VR004) 
> A photoresistor (lameco #202454, Bishox #STO04) fr detecting light. 


> A buzzer (Jameco #2173870, Bitsbox #STOIG) at beeps. Buzzers com: in both active and 
passive versions. You'll need an active buzze that works with 9 V in this project, Just like the one 
You used in “Project #2: Inruder Alarmi” on page 1. 





Tools 
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» A soldering iron (for example, Jameco #116572, Bitsbox #TL031) 
» A stand (fr example, Jumeco #36329, Bitsbox #TLO32) to hold the soldering iron 
> Solder wire (for exunple,Jumeco #94570, Bisbox #HW022) 


» A multimeter (Jameco #2206061, Bitsbox #TLOST, Rapid Electronics 59-8062) to measure 
‘voltages if the circuit doesn't work 





> A wire cutter (Jameco #35482, Bisbox #TLOOS) to cut off excess Legs 


Step 1: Place Components on the Prototyping Board 

Siart by placing th wansistor, the photoresstor and the potentiometer on he board, as shown. Bend 
the legs ofthe photoresistr and iranisoron he other side so that they stay n place: The top copper 
stip will be the positive batery comection, and the botomcopper strip will be the negative one- 





> 





“The diagram shows the components and the copper tracks underneath, while the photo shows what 
your board should lok like in real life, 


Step 2: Solder the Components and Trim the Legs 
Check the placement ofthe componens closely against te circuit diagram at the beginning ofthe 
projet and the illustration in Siep 1. Make sure the transistor i connected the right way and that the 
lotoresistor has one leg on the same copper row as the cemer pin of the transistor. Each ofthe other 
Pins, including each pin on the potentiometer, should be ona row o its own. 

When you're sure your components are placed correctly, solder the pins othe board. 








When you're finished soldering, cut off the excess legs. 


Step 3: Add the Buzzer to the Board 
Next, solder the buzzer to the board. Place the buzzes positive (red) lead through a hole in the top 
copper row together witt the phatoresistor, Then place its negative (black lead in the same row as 
the collector leg of the transistor. Solder oth now, 





Step 4: Make the Remaining Connections with Wires. 


you compare your circuit to the cireuit diagram, you'll see that you're still lacking a few 
connections to muke the circuit complete. The circuit board is missing he battery clip, but to work 
‘when powered, the circuit also needs the following comectons: 


» The base ofthe transistor needs to connect to the upper potentiometer pin- 
P The middle potentiometer pin needs to connect to the negative batery terminal. 
> The emitter of the transistor needs to connect to the negative batery terminal. 


To create these remaining connectors, you can solder three small wires like this one to the circuit 
board as jumper wires: 





Cura picce of wire about 2 inches long and strip about 0.3 inches of insulation from both ends- 
Removing insulation from shorter wires can be tricky, so if you're struggling with this step, use a 
Jonger wire instead. When you know what length of wire you can strip most easily, prepare two more 
Wires. Then, solder the three wires to make the remaining connections, 

‘Run one wire ftom the base ofthe transistor to the upper pin of the potemtiometer: Next, connect 
the one wire from the middle pin of the potentiometer o an empty row at the bottom of the board, 


Finally, run one wire from the same row of the prototyping board, where you just connected the 
vious wire, to the row connected to the emitter of he transistor. Check that your wires much the 
listation and then solder them to the board. 











Step 5: Add the Battery Clip to the Board 
All dur's missing is the banery elip. Solder the battery lips red wire to the top copper row ofthe 
board. The tp row should also contin the photoresistor Ieg and the hue s red wire. Solder he 
banery clip s black wire to thx bonom row. 


Step 6: Set a Wake-Up Call 
Plug in the batery and put the circuit in an area that has the amount of light that you want to activate 
your alarm Turn the shaft of the potentiometer unl you find a positon where the sound turns on and 
‘ff with just a Lite mae back and forth oa the shaft Now, tum the shaft just enough toma the 
sound urn on all the way. Place your hand over the photoresistor to block he light, and the sound 


should stop. Remove your hand, and the sound should turn on again. 

Remove the battery from the creuit and wait until you're about to go o bed Wil the lights off, 
place the circuit in your window, connect the battery, and go to sep. When the sun rises and the light 
‘ouside is as bright as the light you used to set your potentiometer, you'll be awakened by your very 
‘own surrise alarm! 








tep 7: What If There’s No Sound? 


Go through the circuit component by component, preferably with a friend. Check dhat your prototyping 
board has every connection shown in the circuit diagram- Check that there are no shart circuits, oo. 
A short circuit is an unintentional connection between something in a creuit. For example, make sure 
Solder joints that are close o cach other aren't actually touching. 

Mall looks good, use your multimeter to measure the voltage between the base and the emitter of 
"be transistor. First, turn the shaft of your potentiometer all the way to one side, measure the voltage, 
and write it down. Then, rm the potentiometer all the way to the other side and measure the voliage 
again Your multimeter Should show 0 Von one side and around 0.7 V on the other side. IÊ it doesn't, 
heck your comections again 

you're still not sure what's wrong, turn the potentiometer all the way to one side and measure 
the voltage between the red and black buzzer wires. Then, turn the potentiometer all the way 1 the 
other side and measure agin. You should get V on one side and about 8 to 9 V on the other. 

Wal else fails, check your solder joins and redo any that ook like the connections might not he 
complete. And if you've built your circuit flawlessly, you may just have some broken components 
Try breadboonding the project with new components, and if that works, solder those components 
insted, 








TRY IT OUT: TEMPERATURE-CONTROLLED FAN 
You can use the circuit you built in Project #15 for other things as well. For example, if you 
‘xchange the photoresisor for a zhermistor, a resistor that changes resistance value based on 
Temperature, the circu will respond 10 temperature instead of light. 
‘You can also change what's being conrolled. Instead of an LED and resistor, try putting ina 
fan. Now you have a femperatre-conrolled fan! The circuit diagram looks ike ur 





WHAT'S NEXT? 





In Chapter 8, you'll learn about integ These arc small compone 
iret dit have been shrunk down to Ñt ona n tese chips can he ed to create the 


"most amazing types of circu bat Iman when you build your very own electronic 








8 
BUILDING A MUSICAL INSTRUMENT 


This chapter will show you how to create sound with electronic components! Unlike other projects 
you ve built so far, dis chaptr' projects use an integrated circuit (IC), which is a whole circuit 
"ars been shrunk down and packaged inside a tiny box. All sorts of circus can be built as ICs, and 
most household devices are ful of tiem. Peek inside a computer or an electronic oy, and you're sure 
do find a v. 

“To start, ll explain what an IC is in more detail and describe how to figure out what a particular 
JC docs. Then, you'll get some practice with ICs by building a simple circuit that makes some strange 
noises. At the end ofthe chapter, PII show you bow to build your very own electronic instrument that 
ou can we o play musie! 





MEET THE INTEGRATED CIRCUIT 


JCs are really sl circuits that are conveniently packaged into lite plastic boxes, which are offen 
colored black. Any given IC has metal pins sticking out of itso you can connect other componens to 
the circuit inside. 





On the inside, an C might contain a musie player circuit, a radio circuit, a remote control circi, 
or something els entirely. Because one itle IC can contin a very complicated circuit, you can use 
ICs to make circuits with many different functions without building everything fom scratch. 


ICS AND DATASHEETS 

Some ICs have only pins, but other ICs have mare than 100! To figure out what each pin ona 
specific IC does, you ned o check that IC's datasheet, justas you did with the relay in "Project #11 
Blink a Light” on page 101, The datasheet tells you the function of each pin, and datasheets often 





show examples of how to usc ICs in a circuit, too. To find a component's datasheet, try searching for 
"be component name plus the term “datasheet” online, or cheek the website where you bought the 
component 

Datasheets often have tables with lots of numbers and technical terms, so the first time you see a 
datasheet for an IC, it might look very complex. But you usually don t need to read the whole 
datasheet, stead, you can just look up the infomation you need and then go back to building your 





HOW TO MAKE SOUND WITH ELECTRICITY 


Sound is what you hear when air moves back an forth, or vibrates, really fast Many devices that 
‘ake moises, like the sound system in a car, do so with a loudspeaker, a component hat vibrates alr 
fist enough to make sound, 








A loudspeaker has an electromagnet inside that moves a diaphragm, which is a surface that pushes 
"be air in font of it Ifa circuit turns the power to the loudspeaker s electromagnet on and off sy, 
1,000 times per second, then the diaphragm pushes the ar ack and forth 1,000 times per second 
This is called the frequency of the sound, and frequency is measured in hertz (Ha) A frequency of 
1,000 times per second, or 1,000 Hz, creates a steady bee. 











SOUNDS THAT HUMANS CAN HEAR 


Hamans can hear sound only ftom around 20 Hz up to around 20,000 Hz In “Project #11: Blinka 
Light!" on page 101, you buile a creuit that blinked a light about onee per second. Ifyou had 
connected the output ofthe circuit to a speaker instead, the sound from the speaker would have a 
"equency of 1 Hz, which would be too law to hear. Instead, you would hear clicks ftom the speaker 
as it was switched on and oft 


"This means that to create sound you ean hear, you need to create a circuit that can turn the voltage 


toa speaker on and off hundreds or thousands of times per second! Fortunately, there's an IC that can. 
help you do just ha 


MEET THE 555 TIMER 


(One classic IC is the 555 timer, which you can use to switch things rapidly on and off. For example, 
you could use a 555 timer to blink a ight every second, or you could connect it to a loudspeaker to 
‘uke sound, Along wi the 555 timer, you d need to add a few extra resistors ad capacitors, and by 
carey selecting the values of those component, you could control how fast the light blinks or the 
sound's frequency. The 555 timer is very popular with hobbyists because it's cheap and pretty easy to 
"ic once you learn the basies, Vou l use a 555 timmer IC like the one shown here for the projects in 
this caper. 





part partar 
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Powering an IC 


The datasheet for the 555 timer should tell you whut cach pin does. Try searching online for "585 
timer datasheet" now. When you find the datasheet andl open it, you should see a pinau like this: 
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"The 555 timer has eight pins. The pins of an IC are sunbered counterclockwise, starting from the 
top left. (The top is indicated by a litle notch or circle; some ICs have both) The datasheet tells you 
the finctions ofeach of the eight pins, but the following two pins are the most important to notice right 


Pin 1, ground This pin must be connected to the negative terminal of your battery. Circuit 


diagrams that use ICs often label the negative battery terminal in a circuit schematic "ground." or 
GND fbr short 

Pin, Voc. This pin must be comected o the positive side of your batery, which must be at a 
voltage between 45 and 15 V. This means that a 9 V battery will wor fine. On some ICs, this pin 
is called Vpp instead. 








‘You'll find Vc and ground pins on all ICs. They're the first pins to learn from any datasheet 
because you'll use them ta power the circuit inside the IC. 

“The datasheet also shows how to connect the 555 timer ina circuit, and the circuit I find the most 
intresting connects the 535 timer in astable mode. Astable means that something is continually 
changing (not stable), and inastable mode, a 535 timer switches its output on and off constan 
‘That's perfect to blink a light or to erene sound! Here's the circuit that tells the 535 timer o tm its 
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NOTE 


The positions of the 555 pins have been arranged to suit the diagram; they e not in the same 
order as on the IC. 











How to Set the Output Speed of the 555 Timer 


The values of RI, R2, and C1 in the circuit diagram determine bow long the ouput pin stays high— 
meaning it outputs a Voltage close to the batery voltage and bow long it stays Jow — meaning 
‘uputs a voltage close to 0 V. The speed of the change in output, or the frequency, is the nunber of 
times the output goes rom high to low in one second. When the 555 timer is connected in stable. 
mode, as it is în the circuit diagram, the frequency of the ouput is controlled by resistors RI and R2 
and capacitor CI according to the following formula: 





144 
Que R2 R3) x CI 





Here the resistor values are in ohms, and the capacitance is in frads. To ind the frequency, first 
replace RI, R2, and Cl inthe formula withthe values of these parts and then punch the tl on the 
right side ofthe equal sign imm a calculator. 


Lets try an example, Imagine a circuit withthe following component values- 


+ RI= 10010. 
»Ro-1010 
> C1= 108 


Nast is the frequeney ofthe output? Enter these values into he formal: 


Frequency 
ooa TO KA 10 KE) x 10 WF 


nu 
Frequency = Corio) x ioa 


Now convert the units so the values are casero multiply (120 k = 120,000 £ and 10 nF = 
00000001 F: 


Frequency = lái 
120,000 x 0000001 F 


Frequens = 1200 Hz. 





According to this calc 
vals, 





lation, the ouput should ur on and off 1,200 times per second with those 


This project will show you how to lay a sound witha frequency of about 1200 Hz through a 
speaker. That's pretty cool! Buta 1,200 Hz sound isn't very pleasant to listen to, and if you have any 
pets, they might appreciate the sound even ess than ou. Infact, when T turned on this circuit at my 
Parents’ home, their dog came ruming to me looking very confused and a bit seared, I mumed it off 
‘quickly and moved my experiments to a place with no pets around, and I suggest not building this 
Project around your pers, either, 




















Shopping List 
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> A standard 9 V battery to power the circuit. 
> A 9 V battery cip (lameco #1 
» A breadboard (lameco #2064 


> Breadhoard jumper wires (Jamzco #2237044, Bitsbox #CN236) for making easy connections. 
(Standard hookup wire works, 100.) 





80, Bitsbox /BATOSS) to connect the battery to the circuit. 





Bitsbox #CN329) with at least 30 rows, 





PA S55 timer IC (Jameco #904085, Bitsbox HQUUOL) to creste the timing- 
PAR speaker Jameco #1954818, Bitsbox #STO63) to play the sound. 

> A.10 pF capacitor (Jameco #29891, Bitsbox #ECIOU2S) to connect to the speaker. 

Bitsbox #CCION) to help set the frequency af the sound- 

PA 100 KO resistor arco #691340, Bitsbox #CR25 100K) to help set the frequency af sound. 


PA IO nF capacitor (Jameco #152: 





PA I0 KO resistor (Jameco #691 104, Bisbox #CR2510K) to help set he fequeney ofthe sound. 


Step 1: Place the 555 Timer on the Breadboard 


“This cireuit is built around the 555 timer IC, so first, place that IC in the middle af the breadboard, 
making it casy to connect all the components around it 








NOTE 


When connecting an IC to a breadboard, always place it over the middle notch, with one set of 
lus onthe lef side and the other on the right side. Otherwise, any pins that share a row on the 
breadboard will be connected to each ather 





Place the ICs notch marker toward the top ofthe board so thut pin 1 is at the upper-left corner and 
pin 8 is at the upper-right comer as shown. Triplecheck that you've oriented the chip as T describe; 
otherwise, the rest af the instructions in this project won't Work. 





Step 2: Set the Frequency 
Next conecte resistors and capacitor that set the ftequeney: RI, R2, and CI The CI capacitor 
isn't polarized, so it doesn't mater wich way you connect it Use e two vertical columnis on the 
Tight for positive and negative: the red column for positive and he other for negative. 

Connect R, the 100 K£ resistor, Som pin Tof e 555 timer to the positive column Connect R2, 
the 10K resistor, fom pin 6 to pin 7. And comest CI, the 10 nF capacitor, from pin 6 to the 
negative colum. Then connec a jumper wire from pin 2 to pin 6 to complei the rest ofthe 
connections that are needed ose the iquency 





Step 3: Connect the Speaker and Coupling Capacitor 


All the components to make the 555 timer output pin 3 tum on and of around 1,000 times per second 
should be in place on your breadboard now. If you were to connect be speaker directly to the output, 
a large curren would flow through the speaker, possibly damaging both the speaker and the 555 IC. 
You could comeet the speaker rough a resistor t reduce the current, but using a capacitor is even 
benter. When a capacitor is connected 10 an AC voltage, the capacitor acts a bit like a resistor, but if 
you connectit to a constant DC voltage, the current will be blocked. This means that there won't he 
any current running through the speaker unless there's actually a frequency to be played. When a 
capacitor is used ike this, i's called a coupling capacitor, 

"The coupling capacitor for this project is a 10 uF polarized capacitor, so first identify which leg 
is negative: Connect the positive capacitor leg to the 555 mer'soupit pin 3. Then connect the 
capacitor’s negative leg to an empty row on your breadboard. 





Next if your speaker comes without wires, solder a wire about inches Long to each ofthe wo- 
contacts on the back af the speaker (ignore any ~ or — labels by the speaker contacts). Then, connect 





‘one of the speaker wires to the same row as the negative 
negative supply column. 








Step 4: Connect the Power and Reset Pins 
Compare your breadboard to the circuit diagram at the beginning of be project, and you'll see that 
there are a few connections missing. Once you ave all of your components in place on the. 
breadboard, you can make those final connections with jumper wires. Add a jumper wire fr each of 
the following conectons: 

» Frompin 1 on the 555 timer to the negative supply colum. 

> From pin 8 on the 555 timer to the positive supply column 

> From pin 4 on the 555 timer to the positive supply column 


Note that there's no conection to pin 5 ofthe 555 timer in this circuit 


Step 5: Make Some Sound! 


Comnet the batery clip to your supply columns on the right side of he breadboard. The red wire 
aocs to the positive supply column, and the black wire goes to the negative supply column. 





When you're ready, connect he batery, and you should hear a loud beep. Congratulations: You 
just made your first electronic sound! 


Step 6: What If There's No Sound? 
‘There are alot of comectons in this crcl, so if your circuit doesnt work on your first temp, 
dont worry: tht happens to everyone who plays With cernis at some point First, disconnect he 
Banery, ami then cheek the resistor and capaci legs. These legs are long and hey can cay cd up 
in comset wih cach other by acciden, creating shor iret (For example, if you accidentally 
ones he positive terminal of the botery dre oh negative temi soris he 
batery.) 

Next, check the component connections to the 555 timer. The 555 i's pins must connect to the 
test ofthe cre acorn to he icit diagram or the C wort wok When there are a lot of 
Connections, easy to plug a wire ito th wrong row ofi breadboard 








CHECKING CONNECTIONS AS A TEAM 

Finding circuit problems is called debugging, and it's easier to do with som: help. When you get 
stuck ask someone else to ook atthe circuit diagram and say the connections out loud one by one 
While you check the real connections For example, if your fiend is reading the schematic and 
you're looking at the breadboard, you might have a conversation like dis: 

Fried “The positive side ofthe battery is connected to one side of R1.” 

You: “Gott” 

Friend: “The positive side ofthe batery is 

You “Gott” 

Friend: “The othe side of R1 is connected to pin 7 ofthe chip and to one side of the 

resistor R2 





so comected to pins 4 and 8 ofthe 1C" 


{fall your components appear to be oriented correctly and you sce no short circus, then check all 

your breadboard connections to make sure componens tha should be connceted share a row. Surt 

‘vith the connection om the positive terminal af he battery on your circuit diagram Is it connected 

o the board just as the circut diagram shows? If yes, hen move ont the next connection; keep going 
ike this unl you've checked all the connections. 





TURNING AN ANNOYING BEEP INTO MUSIC 


The sound you created in the previous project isn't very pleasant, So how can youturn it into music? 
Musical notes are just sound waves that vibrate at specific frequencies, and that means it's possible 
to make an electronic instrument wit the 555 timer. Ifyou change the Frequency of the signal that goes 
into the speaker, thea the tone ofthe sound will change. You just ave to find a way to change the 555 
timmer’s output frequency at will, without rebuilding the circ every time. 

Chapter 7 introduced two components that can change their resistance value: the potentiometer and 
the photoresistor. Ifyou use one of those components to control the frequency ofthe 555 timer 
ouput signal, then when that component s resistance changes, the sound will change, to. That’s how 
‘youl make the instrument in the ext project. 





This project shows you how to combine what you've learned so far to build your very own electronic 
Instrument Specifically, you're going to build an instrument with a buton o play sound anda 
potentiometer shaft to change the tone. 

"This instrument is like a very simple synhesizer that uses electricity to make sounds, Synthesizers 
haye been wed to add all kinds of bleep, bloops, and glitchy sounds t songs since the begimning of 
the electronie music genre. This one is prety basie, but it still nukes plenty of fun noises. In fact, he 
sicut for this project looks very similar fo the circuit ftom "Project 16: Make Your Own Sound 
with he 555 Timer” on page 167, but it has a few twists 

This circuit replaces the separate RI and R2, which the circuits in Project #16 wed, witha 
potentiometer (and a protective I KO resistor). The potentiometer acts ike two resistors, meaning that 
Sou can effectively change the values of RI and R2 whenever you want to change the tone you hear- 

Notice that this eireuit also has a switch connected to the positive battery lemma. This switch is 
a push button, and with a switch between power and your circuit, the instrument should make a sound 
only when you ish the uon. 



































Shopping List 





P A standard 9 V battery to power the 
> A 9 V battery cip ameco #11280, Bitsbox /BATOSS) to connect he battery to the circi. 
» A breadboard (Jameco #20601, Bitsbox #CN329) witht Least 30 rows 





> Breadhoard jumper wires (Jamzco #2237044, Bitsbox #CN236) for making easy connections. 
(Standard hookup wire works, 100.) 


P A S55 timer IC 'ameco #904085, Bitsbox HQUODL) to create the timing 
PA speaker (Jameco #1954818, Bitsbox #ST063) to play the sound 

P A.10 pF capacitor (Jameco #29891, Bitsbox 4ECIOUZS) to comect 1o the speaker. 

> A.10 nF capacitor (ameco #15229, Bitsbox ACCION) to help set the equency of he sound 
1406, Bitsbox #VR006) o control the tone. 


PA LIO resistor (Jameco #690865, Bishox #CR251K) to protect pin 7 fom: eng connected 
directly to Vec 








> A.100 ko potentiometer (Jameco #21 





> A push button (Jameco #119011, Bitsbox #SWO87) to play tones with 


Step 1: Connect the 555 Timer and the Capacitors 
Siart by connecting the 555 timer i the middle ofthe board. Then, comnect both capacitors: Cornet 
CI, he 10 nF capacitor, from pin 6 to the negative power column. And comeet C2, the 10 
‘capacitor, wits positive Ieg at pin 3 of the chip and the negative leg on an empty row bier down- 
When you're done, our board should look someting like ths 





Step 2: Connect Jumper Wires 
Use jumper wires to eroate the following connections: 
» Pin 8 to the breadboard’ positive supply column. 
» Pin 4 to the breadboard’ positive supply column 
» Pin 1 to the breadboard's negative supply column 
»Pin2 t pint 





Step 3: Connect the Note Controller and Resistor 
‘Next up is the potentiometer, which controls the note that plays. Because it takes up more space, plug 
this in at the bonom of the breadboard, as shown, and be sure each leg is in its own row, 

‘Connect the 1 i resistor from the uppermost leg ofthe potentiometer to an urs row away ftom 
"be 555 IC and conect a jumper wire ftom this row to the positive supply. Then, connect one jumper 
wire to cach of the two remaining potentiometer legs- Connect the wire on the middie potentiometer 
Jegto pin on the 555 timer, and connect the wire on the lower Ieg to pin 6 on the 355 ner 





Step 4: Add the “On” Button 


You're almost the battery clip directly to the positive supply column on the 
breadboard, you're going to comnect through push buon, which will act as an "an button for 
your instrument This way, he circuit will get power from the battery only when the button is pushed 
and therefore, make sound only when you push the bution 

"The push button in the Shopping List (page 177) has four pins, but the two legs in the font are 
connected and the vo pins in the back are connected. That means this button works exactly like a 
vo-pin switch. When you push the button, you conect the front pair of pins with the back pair. Your. 
circuit will get power and you'll hear the sound. When you release the bunion, the circuit loses power 
again and the sound will siop. 





photon 


Plug the pus button nto your breadboard over the notch in the middle, Then, use a jumper wire to 
sonnect one side of the push buston to the breadboard's positive supply colum. Next, connect the 
positive wire ftom your batery clip to the other side of the push button. Finally, connect the negative 
Pantery clip wire to the negative supply column: 





Step 5: Add the Loudspeaker 


Connect one ofthe speaker wires o the same row as the negative capacitor leg and the other wire to 
the negative supply column 


| 


| 








Step 6: Play Some Musi 
Connect your banery to the tery clip nd push the button: Did you hear a sound? Try turning the 
Potentiometer spindle back and forth nil you hear something. 

You can make a beat by pushing the buton in any rhythm you like, and you can contral the tone hy 
‘uring the shat ofthe potenonrter inbetween. Beep, baap, Pooop! 





Step 7: What If the Instrument Doesn't Work? 


‘Some potentiometers aren't perfectly fitted for breadboards, so start by checking whether your 
Potentiometer is properly connected oth breadboard. Nex, check that the two capacitor and the 
Push buon are connected according to the circuit diagram atte Beginning of e project. 

‘There arca lot of wires on this board, so it's easy to mix up connections ou still aren't able to 
hear any sound, then go trough all the connections on your board and check that they're correct. 1 
suggest using he process I described in “Checking Connections as a Tea on page 174 


TRY IT OUT: MAKE A MOTION-CONTROLLED 
INSTRUMENT 
Instead of replacing both Rand R2 witha poEatometr, ty using a 1 resistor for Ran 
E EL peep E 
Poel, te amount fi ining stad change, ad c irt shold play diferent 
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WHAT'S NEXT? 
There are millions of inegrted circuits inthe world, and they do all kinds of awesome things, 
Remember, whenever you want to se an IC in your projects, you canse its datasheet to find out 
‘both whut the IC docs and what kind of circuit you need to muke it work 

In his chapter, you learned how 1o we a 555 timer IC to make musie, These circuits had lots 


of connections, sa if you didn't pet them right the first time, then you're in good company. Most 
‘people mix up wires the first ime they connect a circuit, and fixing the connections is great 
practice! And speaking of practice, now would be a good time to do same more soldering Why 
Tot solder your isrument oa oa prototyping board -and maybe even pat it ima box? 
Integrated circuits are very commonly used in digital circum. Digital circuits can do many 
‘things simply by switching the righ paris on and off odca very rapidly just as in the musical 
tides po mede in (his chapter, Modern padasts Tike your compiter wae digital ciromiin and 








PART3 
THE DIGITAL WORLD 





9 
HOW CIRCUITS UNDERSTAND ONES 
AND ZEROS 


Mobile phones, computers, TVs, video game consoles, and almost all the other technology you see 
around you is built with digital electronics. I you've ever looked inside a computer, the circuits 
"right sem complex, but when you break that hardware down ino small pieces, it's actually quite 
simple: every action a computer takes is based on whether some circuit sees a high or low voltage- 

You've wed transistors 1o make circuits that control things, and in this chapter, ol eara the 
basies of'using digital electronics to make even smarter circuits. You're ging to lam a new number 
system what bins and bytes are, and how you can ise bits and bytes to create messages with 
sicericiy 








ONES AND ZEROS AS VOLTAGES 


When Iwas in school, my teacher told me that computers wed ones and zeros to communicate, but he 
didn’t explain it any further, wanted to know more, so 1 decided to ask my dad. Because computers 
are complex machines, I assumed the way they use ones and ros was going to be complex, to, but 
my dad told me, "In a computer, a one is just a wire with voltage, anda zero is a wire without 
voltage” (By “without voltage; my dad meant the voltage was cro.) 

In "How to Set the Output Speed ofthe 555 Timer” on page 166, mentioned briefly that the pins 
ofthe 555 timer could be either high o low. The pins on the ICs in a computer work the same way: 
high is one, and low is zero. Digital circuits work by flipping the voltages on differen wires between 
high and Lo 





MEET THE BINARY NUMBER SYSTEM 


‘Normally, when you talk about numbers, you use decimal numbers, which are in the base-10 unber. 
system In base-10 numbers, a digit can have one of 10 possible values, from O to 9. But digital 
circuits can work with only vo voltages (high and low), so they can understand only hinar 
‘umber. Binary is also called the hase-2 namber system, and a binary number's digits have only two 
possible values: O and 1 

Here's how you'd count to 10 in both decimal and binary: 











3 n 
4 100 
5 101 
D uo 
1 m 
s 1000 
5 1001 


10 1010 


What's goi 

You can figure out the value of any number in any system using the digits and their position. The 
rightmost digit always gets multiplied by 1. Going left iram there, each position's value equals the 
ose times the valus of the previous position. In decimal, the base is 10, so the second poston's 
‘value is 10, or 10 = 1; the third position s value is 100, or 10 = 10; the fourth position s value is 
1000, or 10 = 100; and so on. Here's an example: 





on here? The mmber 2 in decimal is 10 in binary, and 4 in decimal is 100 in binary! 





181 


100 + 80 + 1 = 181 


Inthe number 181, the first digitis 1 the second digit is 8, and the third digit is 1. Once you 
miliply those digits by their position values, you can add the resulting values to get 181. You don't 
ecd to use this method o figure out decimal numbers though. K's pretty clear that 181 equals 181! 

Bun this method is very usefl for finding the value of binary numbers. Binary follows the same rules, 
but it uses a base of 2 instead, 





"n this project, you're going to convert a binary mmber into its decimal form. Converting a mmber to 


a different bas just means calculating that number's value and writing it using digits in the new base. 





Tools 
» A pen or pencil io write with, 

» Paper to write on. 

» A calclator to add runbcrs, you're good at doing math in your head, ry this project without one. 


Step 1: Write It Down on Paper. 


First, write an cigħt-digit binary umber on paper, leaving space between the digits, both above and 
below the number. I'm going o convert the binary number 1011 0101, and I wrote it ou like this: 


Jorgo 


Step 2: Write the Position Values 


Next, write the value of cach position above cach digit. Binary works the same way as the decimal 
example, but the base is 2. That means the value for the rightmost position is 1, and to find the next 
position io the lef, you'd multiply the previous position s value by 2. For example, the second 
Position’s value is 2 1 = 2; the third posiin's value is 2 * 2= 4; the fourth value is 4 » 2 = 8; and 
so on Use a calculator if you don't want to calculate itall in your head. When you write those values 
down, you should lave something like this: 








perdi 


om 101101091 


Step 3: Find the Value of Each Digit 


Look at cach digit of the binary number you wrote down Ifa digit is 0, write O below it Ifthe digitis 
T write the value ofthat position below it Those are the values you'll add together to get your final 
dacima number. 





puede am eost de € 8 od 
wm 1911090191 
sine um o GR ge 0 4 0 1 


Step 4: Add the Numbers 
‘You should now have three rows of maniers. Add the mumbers in the bottom row (you might find it 
Peli 1o write a sign Between cach pair of mumbers) o get the sum, which is he decimal value of 
your binary uber. 


pnd aea ea ee eoa oeoa 
% 10110101 


Winton! gmeceteseoe i ota nm) 





The binary amber 1011 0101 is 181 in decimal. you've been following along with that umber 
and your answer is different, go through the steps again and check your results against mine to find out 
‘where the error is, 


TRY IT OUT: TRANSFORM MORE BINARY NUMBERS 
"To get more practice with ones and zeros, let's bring some more binary numbers into the decimal 
world. Here are a few to try:* 

1010 
[mm 
1000 0000 
on 1011 0101 
tad hi ary unen are 10, 3, D and 





BITS AND BYTES 
Each digit in a binary number is called a Hr (that's short for binary dign) and computers handle 
munbcrs in blocks of eigh bits called a byte, The binary number 1011 0101 hus eighe bits, so it's a 





byte. You can interact with a computer in many ways, but all your mouse clicks, key presses, webcam 
Videos, and so on need to be translated into bits and bytes before the computer can understand em. 

In fact, when working with computers and other digital gadgets, you usally see much, much larger 
munbers ttan just 1 byte. Al the files on a computer are collections of bytes, but if you tried to 
describe their siaz in bytes alone, those numbers would be huge! Thats why files are usally 
described in larger unis, like kilobytes” (XB), megabytes (MB), gigabytes (GB), erabytes (TB), and 
so on. Here's what those units nean 





LKB = 1,000 bytes 
1MB = 1,000 KB 
1 GB = 1000 MB = 1,000,000 KB = 1,000,000.000 bytes 
LTB = 1,000 GB = 1,000000 MB = 1,000,000,000 KB: 





/000,000 bytes 





/000,000 000,000 bytes 


a computers Band disk can bold 1 TB af data, ten it can hold one trillion bytes, whichis eight 
trillion ones and zeros! 


NUMBERS CAN BE ANYTHING 


Now you might be thinking, “Why on Earth would Lever need eight trillion ones and zeros in my 
computer?” The faet is, whether you use a computer to write stories, draw pictures, alto your 
"ins, play video games, or anything else, you're actually wing those ones and zeros. 

For example, bow does a computer show an image on a sereen? A computer sereen is made ofa 
otof smal poit called pitts, and each pixel can be set to a color that is a mix ofred, green, and 
be light. If you want a pixel to be the brightest yellow possible, you'd use numbers o teil the 
‘compute to m that pixel "s red and green setings o full intensity and its blue setüng to zera 
because mixed red and green lighe looks like yellow). This way you can translate nunbers into an 
image onthe sereen 


"n this project, you'll build a pixel-color guessing game using binary values. I's a two-player game 
Where you and a friend take turns being "the compute" and “the user: 

The person who is the computer sets the color ofthe pixel by pushing a combination of ce. 
buttons. When the computer is read, the user must try to guess which color the pixel is. When the 
user is ready to make the guess, they should say the chosen color outloud and then push the color 
reveal button to show the actual color. Ifthe user guesses correctly, they get one point and get i» 
guess again. Ifthe guess is wrong, you switch roles. The first one to reach three points wins the round. 

















COLOR REVEALER 


zh. 




















Meet the RGB LED 


To create the pixel for this project, you're ging to we a ed-green-hlue (RGB) LED, which 
combines a red LED, a geen LED, and a blue LED into onc component By turing on and of each of 
these LEDs, you can creat diferent colors. For example, unig on only the red and green LEDS 
‘would gie you yellow. 

‘There are two types of RGB LEDs: common anode and common cathode. This is what a common. 
anode RGB LED looks like, alang with its symbol 





ronen 


E 
E 
E 





RGB LEDs have four legs. You'll use three legs to set the color, and the fourth legis the comman 
leg. In common anode RGB LEDs, the positive (anode) sides of the three LEDs are combined into 
one pin: common cathode RGBs combine the negative (cathode) sides ino one pin. 

Indis project, you're going to build the following circuit, which uses a common anode RGB LED 
snd some burons. 


Shopping List 





P A standard 9 V battery to power the circuit. 
» A 9 V battery clip Jamsco #11280, Bitsbox /BATOSS) to connect the battery to the circuit. 
» A breadboard (amo #20601, Bitsbox #CN329) with at least 30 rows. 


> Breadboard jumper wires (Jamrco #2237044, Bitsbox #CN236) to easily connect paris. (Sturdard 
hookup wire works, 00) 


> Three 330.0 resistors Jameco #661386, Bitsbox #CR25330R) for limiting the current to the 
LED. 


P RGB LED with common anode (Jameco #2219567, Bitsbox #0P100) to create colors. 


> Four push buttons (Jameco #119011, Bitsbox #SW087) to set and reveal colors. 


Step 1: Place the Color Chooser's Push Buttons 

‘Orient your breadboard so that the noch down the middle runs ftom top to bottom Then, place three 
push butions at the bottom of your breadboard; each should have one pair of legs on the left side af the 
notch and one pair on the right. This should leave you plenty of room 1o connect components on both 
sides ofthe butons, and your be able to separate the computer's buttons from the user's button more 
casily. With your tons in position, connect three junper wires Som the botoneright pin of each 
push buton to the negative supply column. 





Step 2: Connect the RGB LED 

Inthe middle ofthe board on the left, connect your RGB LED. The longest leg of the RGB LED is the 
Common anode leg. Leave this unconnected for now. Connect a 330 £2 resistor Bum each ofthe 
Fenuining LED legs to an empty row on the right side ofthe breadboard. From each of these tre 
rows, connect a jumper wire to the top-left pin ofeach push button. 





Step 3: Connect the Color Revealer Button 

Next add he uon that reveals be computer's chosen olor to the user. Place a fourth push buston 
all he way atthe top ofthe breadboard, across the middle notch. Connect a jumper wire orn 
Common anode leg ofthe RGB LED to the top-left pin of the fourth push ton. Then, connect one 
Jumper wire rom he botiomerigh pin of is push bunion to the postive supply column on he right- 





Step 4: Test the Colors 
‘Connect the battery clip 1o the supply columns on the right, connect battery, and ry it out! Pash some 
ofthe batons on the bonom and then push the color revealer bunton to sce the color. In this photo, set 
my RGB LED to green, 





‘You shouldbe able to sce the following seven colors, depending on which buttons you push: 


"ed Pushed (1) Notpused (0) Not pushed (0) 


Green Not pushed (0) Pushed(1) Not pushed (0) 
Blw Notpushed (0) Not pushed (0) Pushed (1) 
Yellow Pushed(1)  Pusbed(I) Not pished (0) 
Cy Notpeshedi) Pushed (1) Pushed (1) 
Magenta Pushed (1) Not pushed (0) Pushed (1) 
White Pusbed(1)  Pubod(1) Pushed (1) 





buttons so tat they match 


Step 5: What If the Game Doesn't Work? 
yousee no colors at all, check that your connections match the circuit diagram. Ifthe connections 
are correct and yo still can't see any colors when pushing the color revealer button, you may have a 
‘common cathode LED instead ofa common anode, To cheek for this, simply switch he positive and 
negative connections fom th battery. 


When you've verified that all he colors works invite a fiend to play! 








HOW BINARY NUMBERS CAN CREATE WORDS 


Images aren't the only things that can be stored as binary munbers; you can represent letters as 
munbcrs, too. One way to do this i to use the ASCI code, which 13 a standard set of bytes that 
computers understand as upper- and lowercase lets, numbers, punctuation marks, and so on. The 
munbersindis table represent the lowercase letters nthe English alphabet 


97 onoo a 
9» — ono ^ 
» B 
100 a 





101 


12 onoono f 








im — onooni e 
104 ono 1000 D 
is — ono1001 i 
106 ono 1010 j 
w7 onto 1011 k 
Hs ono 100 1 
19 onono m 
no — onono B 
non B 
0111 0000 P 
on 0001 a 
na om1 0010 B 
us — onion * 
né omo t 
onoo u 
onono v 
omon w 
0 — oni x 
ori 1001 E 
oni 1010 2 





For example, the leter a can be represented by the decimal number 97, which is the binary amber 
(0110 0001. You can use this table to encode and decode secret messages written with only ones and 


This project is a circi that shows ight-hit binary munbers with LEDs. An LED that is litis a 1, and 
an LED that is of is a 0. You Lus switches to set the binary nunber and a push baton to show Ihe 
binary number onthe LEDs. 


Eight bits are enough to represent an ASCII character, so you can use this projet to 








secret messages that can only be decoded by someone who knows binary! This finished Seeret 
Message Machine shows the lener w, or 0111 O111 
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Meet the DIP Switch 


This circuit uses eight switches to set the binary value, but it would be a pain o plug thut many 
individual butons into your breadboard. Fortunately, you can Just use a DIP switch, which is a 


Px 


‘component with a row of one or more mini switches. 





NOTE 


DIP stands for dal in-line package, which i how the pins are arranged A component with 

‘DIP" in is name has teo rows of pins that you can plu into a breadboard The DIP switch in 
his project has eight individual switches. This is perfect for creating a binary value input toa 
ovo LEDS 











Shopping List 

A standard 9 V battery to power the circ 

> A9 V battery clip (Janeco #11280, Bisbox /BATOS3) to connect the batery to he circi. 
» A breadboard (ameco #20601, Bitsbox #CN329) with atleast 30 rows, 


> Breadboard jumper wires (Jameco #2237044, Bitsbox #CN236) to easily connect paris. (Suundard 
ookup wire works, o.) 


P Eight 330 0 resistors (Jameco #661386, Bitsbox #CR25330R) for limiting the curent to the 
LEDs. Any value between 270 0 and 470 2 works well 


> Eight blue LEDs (Jameco #2193889, Bisbox #0P033) to show the binary number. 
> One 8-postion DIP switch (Jameco #696984, Bitsbox #SW098) to set the binary number: 
> A push button (Jarmeco #119011 Bitsbox #SWO87) to turn on the LEDs. 








Step 1: Connect the Push Button 
Plug the push bution into the top of your breadboard. This project will ake up a lot of space on your 
breadboard, so from here on, try to keep your components as close together as possible. 

Connect a jumper wire from the tp-right breadboard row, which should be connected to the upper 
pin ofthe pus bution, othe positive supply rail onthe right side. Then, connect a jumper wire fom 
the lower pin to the positive supply eolumn on the ef 

Your breadboard should lok something like this: 





"This push button controls the connection fromthe battery's positive terminal o the rst ofthe 
circuit When the button is not pushed, here's no closed loop for the current to flow through, and ihe 
icut doesn't have power. 


Step 2: Connect the DIP Switch 

Next comect he DIP sich to your breadboard just below the push bunion, with the mmbers on the 
Tight side ofthe middle notch Ran one jumper wire itom eac o the eight rows to the positive supply 
column on the ef, for a total of eight wires. You'll need wo be able to set the switches on and oft so 
connect the wires as far away fam the switch as possible to Teave room for your fingers. 








Step 3: Connect the LEDs 
Now, connect one LED's short leg to the negative supply column on the right, and connect its ong leg 
tothe last row at the bogom a your breadboard. Follow the same pater upward to plug the rest of 
the LEDs into the breadboard on rows oftheir own, leaving one empty row between LEDs (Ifyou 
‘Want to make it easier to read the LEDs, put your LEDs in wo groups of four by leaving a couple of 
Sura rows alier the fourth LED.) Then, comect a resistor from caci ow with an LED to the same 
Tow on the lei side of the noch in the middle ofthe breadboard, 





Ir will be best to connect the LEDs and switches so that you and your friend can sit on opposite 
sides ofthe board and se the bits in the sum order, o pay careful attention to these connections, 
Witt your resistors in place, connect a jumper wire om each resistor row oa the left side ofthe 
breadboard noth to a DIP-switch pin on the right side ofthe noch Connect the resistor closest t the 
bonnm of the breadboard to Switch 1, the next LED to Switch 2, and so on. you should end by 
connecting the top resistor to Switch 








Step 4: Send a Secret Message! 


 Conncct the negative side of the battery clip to the negative supply column, and then conncct the 
positive side to the positive supply column, as shown, 





“Then, push all he switches in the “on direction, press and old the bution to see whether all he 
iis light up. and turn ofeach LED one by on, 

Wall te LEDs work, it's time to play! Invite a friend over and use this circuit to "al^ o diem. 
without speaking Sitom opposite sides ofa table, write down a word ona piece of paper fr Your 
en reference, and keep it hidden from your rend, Look at the ASCI code table and set the switches 
tothe binary values for the first letter in your word. For example, the switch in he next photo is set to 
display a lowercase lenr a. 








When your switch bank is ready to show a eter, push the button so that the LEDs light up. Hold 
‘he push button while your friend writes down the binary value. Then, release the push bution and set 
"be binary vale for the next character. Keep doing this until you've shown all the characters in your 
word. When you're done, show the ASCII code table to your Fiend so they can uy to figure out your 
word. 


Step 5: What If the Secret Message Machine Doesn't Work? 


you've been following along for the whole book, you've comected a ot of LED cineuits, but his 
one docs have a lot of components, I's easy to make a wrong connection somewhere, so if your 
icit doesn't work right away, check cach connection carefully against ths project's circuit 
diagram 

one of e lights work, first check tat the battery's positive and negative terminals are 
connected correctly. Next, cheek that the LEDs are oriented the right way and that the resistors are the 
Tight values, If some lights work while others don"t, then some ofthe LED or resistor legs may be 
touching when they shouldn't Inspect them closely to find the errar. 





WHY COMPUTERS USE ONES AND ZEROS 


Computers wsc ones and zeros instead of the decimal numbers ftom 0 10 9 because when you have 
only two values, it makes constructing clectonie circuits odo calculations and store the values 
mach easier. 


WHAT'S NEXT? 


binary numbers work. You've seen how one 


ves for the letersi the alphabet There are 2 
you need to represent all 26 letters? To fiure this ou, 
e next binary manber 


ayo —— 
a bit more, com up with your own 
eters iom tos, How muny digi do 
ing that the binar, 
1L is c. Write thi 
reach, Then coun the namber of digits you needed for the = This i the 
digits you ned 
Here's another thing to 1Y 
right! If you don't use 
instead 


With og 


cea high voltage or a low volag 
"als "I hose wires are 
the vol 


path. like adding two numbers, ar circuits thut do 
7. like a door lock that opens only if you input the right 


hers, In Chapter 10. Il show you some of the building blocks af digital logic 
ou can male smart circuit with the 








10 
CIRCUITS THAT MAKE CHOICES 


Chapter 9 was all shout ones and zeros, and you played with bits and bytes in a couple of projects 
Now in this chapter, you'll make circuits that actualy use ones and zeros o make decisions. Logie 
gates are components that check for the voltages that represent thos ones and zeros and output a 
Voltage accordingly. TL show you a few spes of logic gates and bow you can use them to create a 
Secret code detector. 


IT’S ONLY LOGICAL 


Logic is a way of reaching a conclusion based on pieces of information that you know 1o be true ar 
false. For example, imagine you know the following statement is tru, beyond a doubt: 


‘Statement 1: I£ there are oranges in your fridge AND you have an orange 
squeezer, THEN you're able to make orange juice. 





you trust the preceding statement, then there are two conditions to check before you cs 
orange juice: 





Condition 1: There are oranges in your fridge. 
Condition 2: You have an orange squeezer. 





you check your kitchen and find that these conditions are trus, then you can logically conclude: 
itat you can make orange juice. 

Computers use Boolean lagie, which is a system of logi that works only with the values rue and 
false to convert ones and zeros imo actions, For a computer to know whether you can make orange 
juice or no, it would have to reach that conclusion through Boolean logic. Les wy thinking like a 
computer! 

First, look for the conditions in Statement | that affect whether you can mike orange juice ør not. 

In this case, the conditions are the two phrases between “if” and “then,” joined by “and” Assign them 
eters as follows: 











There are oranges in your fridge, 
You have an orange squeezer. =B 

The conclusion is the statement afier "hen" Give it a letter, too: 

o 


With these letters, you could rewrite Statement 1 as “IF A and B, then Q." In Boolean logie 
shorthand, that Looks ike tis 





You're able to make orange jui 


AANDB-Q 





“This is a logi equation, where AND is an operator ike addition or subtraction, When bot 
statements on ether side of AND are trs, he conclusion Q is trux. 


Given Condition 1 and Condition 2, A and are both true. Substitute both into the equation to get 


Tree AND True 








Because boh A and B aree, then Q must be true. Time to make orange juice! 


How a Computer Decides When It Can Make Orange Juice 


False False False 
False Tue Tale 
Te False Faise 
Tne Tue ‘TRUE! 





MEET THE LOGIC GATES 


Many ofthe circuits inside your computer are physical versions of logic equations, complete with 
smaller circuits called logic gates, which are physical logical operators. A logie gate takes ones and 
eros representing tus and false, respectively as inputs and then outputs a 1 or O based on the 
Tesis of the equation inside. 

You can make really awesome projects with logic gites yourself: too! 

{remember the first time my dad told me about logic pates: I went straight to my room and spent 
ours trying to combine them on paper in different ways t add binary numbers. hope you have as 
mach fin with themas 1 did! Now, let's look at how a few different logie gates work. 








AND Gates Check for Two True Inputs 


The AND gate is the physical form af the AND operator you used to decide whether you were able to 
make orange juice. An AND gate as two or more inputs ^ and B, for example- and ane output — 
Q; for example, I checks whether A and B are both 1, and if they are, then Q is 1; otherwise, the 
ouput is 0. Q is 1 only if bod A and B are I; if one or both inputs are O, the oup is 0. 

1 find it helpful to write out the values of Q at result ftom different input combinations in a truth 
table. This truth able shows al possible input combinations for the AND gate and what the output 
‘ill be for each, In a truth table, O stands for false, and 1 stands for nue. 

















mal pom 


OR Gates Check for One True Input. 


The OR gute checks whether input A ør input B is L ier is 1 or bo are 1, then the output Q is 
also 1. But if both inputs are 0, then the output is 0. 


OR gale 
Uy 


Ell] 
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NOT Gates Flip Inputs 
‘The NOT gate, also called an merter, bas ony one input and onc op, an ils Rationis very 


simple: the ouput is the opposite of the input. Ifthe inp s 1, then the output is 0. If the input is O, he 
sapis 1 





NOT gate 
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A Bigger AND Gate 


AND gates and OR gates can have more than two inputs. For example, here's a 4-input AND gate 
symbol: 


&-input AND gate 


ip opa 
a— 
r Q 


a] 





i=] 


Because it's an AND gate, the result will be 1 only if all fur inputs are 1 otherwise, it will be 0. 
That i the output Q is true (1) ill four inputs—A, B, C, and D- are true (1); 


Q-AANDBANDCANDD. 


We can also make a 4-input AND gate fom three 2-input AND gates, like this: 


4-rpit AND gate 


=D 
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HOW TO DRAW LOGIC CIRCUIT DIAGRAMS 


You can use logic gates to ld a circuit that checks for conditions and decides what to do based on 
‘hem For example, imagine you cold deactivate our alarm system Bom Chapter 1 by entering a 
secret code. Then, you could leave the alarm system on while you're gone, and if someone opened the 
door, ey d bave to know the right code 1o turn the alarm of: With logic gates, a cireuit can check 
easily whether the right code was entered 





A Logic Equation for a Secret Code 

Let's say the secret code is 1001, and when the scere code is detected, an LED should tumon to 
indicate success. When building logie circus, is helpful o write the logie equation or your cireuit 
before building, so let's practice. 

First, think about what cach I and cach O in the sere code represents in terms of logie gates, In 
this case, you want the LED to turn on only when four conditions are tus, and you can connect thosc 
coalitions with AND operators as follows, 

Let's represent the four bitsin the secret code witi the letters W; X, Y, and Z Then, you can check 
cach ittosee whether i's the correct valus, testing for W= 1, X= 0, Y=, and Z. 

‘You'll need to AND the four secret code bits together using a 4-input AND gate. But simply 





connecting W, X, Y, and Z straight to the AND gate would give this logic equation: 
Q-WANDXANDY ANDZ 


“This would test whether all the bits are 1 because Q= 1 only i£ W, X, Y, and Z are all 1 Instead, 
you need to test forthe secret code where W and Zare 1, but X and Y are O. 

Fortunately, in Boolean logic, you have only two options 1 or O (rus or false) something is 0, 
then tis NOT 1; in words, if something is ilc, en tis NOT tue This means that if X — 0 (false), 
thea NOT X= (true). Knowing that, you can rewrite the equation s follows: 


Q7 WAND (NOT X) AND (NOT Y) AND Z 


‘This eqution uses NOT on bits X and Y, which should be O for the secret code. The NOT will 
invert their values, changing to 1 and It 











Converting a Logic Equation into a Circuit Diagram 
Now we'll draw the secret code equation as a circuit. The final ouput will be a single 1 or 0. You 
need a -input AND gate to test all four code bits at once, and you're going to make this using fre 2- 
input AND gates as explained cale. Because you need to test whether the X and Y bits are O, you 
need to use a NOT gate for cach to invert the 0 1o 1 

Here's the final circuit 
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"The first bit (W) shouldbe a 1 and the second (X) shouldbe a, s the second bit gets a NOT 
gui The third bit (Y) has a NOT gate as well, and it goes ino an AND gate with the fourth bit (Z). 

"The first AND gute should ouput 1 ifit sees W= 1 and X= 0, and the second AND gate should 
ouput 1 ifit sees Y= and Z= 1. If both of those AND gates ouput 1, then so will de third AND. 
iic, which ultimately confirms that 1001 was entered. 



































USING LOGIC GATES IN REAL LIFE 

When Learned about logic gates, | hough they be small nwo- and three-legged components. But 
ogic gates come boxed inside integrated circuits (Cs). Each IC contains several gates, so even if you 
want to use just one, you'll have to use an IC anyway 
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1's also important to know that logic gate outputs dot supply much current. Even if'a logie gate 
ouputs 5 V, that doesnt mean tat you can connect our 5 V motor to i, The logi gate simply can't 
give enough current for he motor to na. 

Recall from Chapter 7 that a transistor needs only a little curren flowing into its base to turn on 
and let a lot more current fow from its collector to emiter. When you want to use a logie gate to tum 
On a circuit or component that requires more current, you can connect the logic gte to a ramistor. Do 
you remember the circuit fom "Project #14: Build a Circuit that Senses Touch" on page 136? You 
an modiy this circuit to turn on an LED from a logie gate, like this: 











FIL show you how to incorporate this inno a project in the next setion 

















You can casily replace the LED and resistor with something else that you want to control, like a. 
moor, a fan, ora relay. But when doing this, be mindfl of the curren. How much curet does 
our motor need, and how much curent can the transistor handle? 

‘Both values can be found inthe component datasheets. For ransitors, the value you are 
looking for is called c, o collector current. According ta the datasheet of a BCS4T transistor, 


its maximum collector current is 100 mA. That's more than enough to power an LED, which 
still uses about 15 0 20 m at the most 








‘But whut if you want 1o comeet a motor’? Fest, you'd need to find out bow much current the 
noir neds, and youl find that inthe motor s datasheet. Ia motor needs 300 mA, you'll ecd 1o 
comset it w a transistor that can handle more than 300 mA of current For example, a PN2222 
"raris can handie up to 600 má, so it should be able to switch the motor on and of 








In this project, you'l build a logic circuit tht checks whether a set of four input bits matches a secret 
code, You'll use four switches, inside one DIP switch 10 set e code ihe input bits match the 
Code, then the logie circuit should ouput a voltage, representing a 1; otherwise; it should output zero 


voltage to indicat O. This final ouput will go o a transistor so you can se it 1o control something- 
an alarad 














The basie Secret Code Checker circuit tans on an LED when you input the right code. At the end 
ofthe project, FI show you bow to use the Secret Code Checker 1o disarm your intruder alarm fom 


Chapter 1. 
Here's the complete circuit diagram for this project: 





p 





w 
DP niit rmn 
ma yor 




















E Nom 
a Dp 























=E [3 





Shopping List 





» A breadboard (Jameco #20601, Bitsbox #CN329) witht Least 30 rows. 


> Breadboard jumper wires (Jamcco #2237044, Bitsbox #CN236)-you'll ced around 20 for this 
project. 


P A DIP switch Jameco #38820, Bitshox #SWO42) with four individual switches. 
P A TALSOS inverter IC with six NOT gates (Jameco #46316, Bisbox #QUIOS) 

P A TALSO8 IC with four AND gates (ameco #46375, Bitsbox #QU109) 

P A general-purpose NPN transistor (Jameco #254801, Bitsbox #QD011), such as BCS4T. 
P A standard LED (Jameso #34761, Bitsbox #0P003) 

P A220 0 resistor (Jameco #690700, Bitsbox #CR25220R) to limit the current to the LED. 
> Four 1. resistors (Jameco #690865, Bisbox #CR251K) to se as pull-down: 
+ ASV DC wall adapter (Jameco #2126125, Bitsbox #TFOIO) o power the circuit 


A DC barrel jack adapter (Jameco 42227209, Bisbox éCNA24) t connect the w 
‘breadboard, 








adapter to the 


Tools 





» A erewdriver that fits the screw terminal ofthe barrel jack adapter. 


How to Use Other Voltages with a Breadboard 


‘You've used 9 V baneries for each circuit in this book so far, but most digital circuits need to use 
lower voltages, For example, a lot of ICs with logie gates imide use 5 V instead. But 5 Vis nota 
standard banery value; there are 4.5 V and 6 V batteries, but not 5 V 


What can you do when your circuit requires 5 V? Say bello to the wall adapter and the harre! jack 
adapter 





Many electronic devices use wall adapters to recharge batteries or just to stay powered. The 
pronged side of a wali adapter plugs into a wali socket, and the other side plugs into something you 
Wam to power. Wall adapters come in many values, and this project uses a 5 V DC regulated adapter, 
"To supply power to a cireuit, the wall adapter in this project needs to plug into a barrel jack 
adapter. The barrel jack adapter listed in this project's Stopping List (page 224) has two screw 
terminals, where you can plug in jumper wires that connect o the breadboard. You can connect any 





‘wall adapter with the standard round plug into this barrel jack adapter. 


MAKING CIRCUITS MORE RELIABLE 
Ifa circuit needs an input voltage and you dont connect the input to anything, then that input i 
floating. A floating input is unreliable because the circuit may see itas a 1 or a O, and you can't 
‘control which. 
The individual switches on a DIP switch are cther open or closed. When the switch is open, 
the input it controls will be floating if it's not connected to anything else. To fix this, you can 
anachi a pull-down resistor to each input on the logic gates, like this: 
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Each pull-down resistor in dis circuit diagram connects oa switch and a gate input on one 
side and to the negative battery terminal on the other, When a switch is open, he resistor "pale" 
‘the gate input downto 0 V, which is a 0. When a switchs closed, the pate input connects to the 
positive terminal and pets the positive supply voltage, which is a 1. 

Inthis project's circuit diagram on page 224, there are four switches with 1k pull-down 
resistors. Allo them are shown as open, and ali of the AND gate inputs would be n that state. 


Step 1: Place the Switches and Resistors 
Plug your DIP switch in at the top ofthe breadboard, with one side ofthe switch on cach side ofthe 
oth in the middle. Use jumper wires to connect the leftside of each DIP switch to the positive 
supply rail on the Let and conecta 1 KO resistor from the right side of each DIP switch to the 
negative supply rail on he right. 





Step 2: Place the ICs 


Place the IC with NOT gates, marked 742504, in the middle of he breadboard and place the IC with 
AND antes, marked 74L508, further down. For both ICs, point he rounded noth toward the DIP 
switch. Leave at least tree rows at the bottom of the breadboard for the transistor 








Step 3: Place the Transistor and LED 
Plug your transistor into three rows at the bottom ofthe breadboard. I you used the BCS47 transistor 
from this project's Shopping List (page 224), faee the flat side If so thut the collector is the upper 
pin, the base is the middle pin, and the emitter is the botm pin. If you used a different NPN 
Transistor, check its datasheet to see which pin is which 

Connect the LED's short leg, the cathode, to the same row as the collector. Connect the LED" 
Jong leg, the anode, toan empty row on the lefi side of the breadboard, Finally, connect the 220 2 
resistor from the LED's anode o the positive supply rail 




















Step 4: Build the Logic Circuit 


First, look at the following diagram to see where the AND and NOT gates are inside your ICs and to 
sce the connections you nsed to make. 
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741908 AND GATES 

















“Take four jumper wires and connect them fom th switch outputs to the gate inputs as follow: 


P The output from switch 1, the uppermost switch, goes tothe AND gate input on pin ofthe Lower 
IC (ALSO). 


P The switch 2 output goes to the NOT gate input on pin 13 on the upper IC (T4LS0). 
P The switch 3 output goes to the NOT gate input on pin 1 on the upper IC- 
> The switch 4 ouput goes to the AND gate input on pin 13 ofthe lower 











Next get eo jumper wires to comeet the outputs ofthe NOT gates to the AND gate inputs like 
this 
> One jumper wire goes from pin 12 onthe upper IC to pin 2 on the lower IC. 
P The other jumper wire goes from pin 10 on the upper IC to pin 12 on the lower IC. 
Now, each output fom the AND gates needs to go into the ird AND gate, as follows 


» Connect one jumper wire ftom pin 3 to pin 10 ofthe lower IC. 


> Connect another jumper wire Kom pin 11 o pin 9 on the lower IC 
» Finally, conecta jumper wie fom the firal ouput ofthe AND gate with the other side hanging. 
loose for now. 





Your IC connections should look ike this- 
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Step 5: Finish Wiring the Transistor 
Now, comet the output fromthe final AND gate pin ofthe lower C— o the hase ofthe 
"ramistor. This ouput will control whether he ramo allows current to pas through othe LED or 
not. Connect a jumper wire iom the emiter of the transistor o the negative supply rail 











Step 6: Power and Test the Secret Code Checker 


Connect jumper wires from pin 14 on both ICs to the positive supply rail and fom pin 7 of both chips 
10 the negative supply rail. Then, turn off all the switches on the DIP switch and connect your 5 V 
Source, with plus to the positive supply on the Tet and minus to the negative supply on the ight 

Use your barrel jack adapter with a couple o jumper wires to make this conection, The barrel 
jack adapter should have ^ and. markings to tell you which supply is which. Just loosen the serews 
fon the adapter, insert a wire ino each, and tighten the screws ain. Follow the conventional color. 
code by wing a red wire for positive and a black wire for negative so you will be sure to connect 
‘hem the correc way on yow breadboard. 

The LED should stay dark when the switches are off, but when you set the code to 1001 by 
switching on the top and bottom swiches, it should light up. 





Step 7: What If the LED Doesn't Light Up? 


First, check tat he two ICs have power. Do both ICs have pin 4 connected to the positive supply 
column and pin 7 connected to the negative supply column? I you find the ICs become oo hot 1o 
touch, disconnect the 5 V power supply from the wall immediately and wait for the ICs to cool down 
Then, make certain you have the supply connections the correct way before trying agai. The wire 
Plugged imo th barrel jack adapters positive (~) terminal should be plugged into the positive supply 
Solin on he breadboard, and the wire in the barrel jack adapters negative (-) terminal should be 
Plugged irmo the negative supply column. 

tbe ICs are powered and the circuit still doesn't work, then check the input values on the 
switches. Use a multimeter t measure the voltage froma the negative supply rail to the pins on the 


AND and NOT gates that take inputs from the switches, You should get 5 V on pins 1 and 13 of the 
AND IC and 0 V on pins 11 and 13 ofthe NOT IC, Check that he output fom ach AND gate you're 
‘using is 5 V, too; you should see 5 V on pins 3, 8, and 11. Ifany AND gate inthe IC doesn't output 5 
Vien one of ts inpus OV. Figure out why it's O V, and you should find the problem. 


TRY IT OUT: DISARM YOUR INTRUDER ALARM 


Instead of an LED and a resistor, you can connect a relay to the Secret Code Checker and 
combine ths project withthe intruder alam you built in Chapter 1- Connect the 9 V battery tole 
intruder alarm through the relay so that when you input the right code, the power to the alarmis 
cut and the noise stops. Refer back to “Meet the Relay” on page 97 to see how to connecta relay 

Notice that the secret ode checker, with its 5 V supply, is being used to control the 
completely separat intruder alarm circuit with 9 V supply. Connecting two circuit with 
separate power supplies this way is okay because lere s no electrical connection between the 
‘wo circuits. Relays are usefl when you need to control a circuit with a different spe of power. 
supply! 

Here's the circuit: 




















And hese are the components you'll ned 
P The circi from "Project #2: Intruder Alar” on page 11 

> The circi from "Project #21: A Secret Code Checker” on page 223 
PA 5 V relay (ameco #842996, Btsbox #SW073) 


NEGATIVE LOGIC GATES 
AND, OR, and NOT are basie logi gates, and you can combine them to create new ones Les ook 
two more gates that are created dis way 


NAND Looks for One False Input. 


‘The NAND gate works lke an AND gate witha NOT gat inverter onthe output. The litte circle on 
‘he ouput means NOT. That means the uut om the NAND gate is O when both A and B are 1 
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NOR Looks for Two False Inputs 
The NOR gate works like an OR gate With an inverter on the ouput. The ouput is 1 when both A and 
Barco. 


NOR gate OR gate + NOT gate 


























€ 
a code is corrector ea, you got to — 





If gates a bit further, I suggest you try combining some logic gates you've 
learned about oa paper t ereate an YOR gate. An XC fie inputs are 
diferent from cach her 





By combining sat way, you can create almost anything you can imagine. 
But that might be a bit hard to sce right now, ao im he next chapler I'm going to shon 
more building blocks you can create with logie gates, You'll learn how ln build your 


memory circt, and hen you'll build your c coin tosser! 
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CIRCUITS THAT REMEMBER 
INFORMATION 
In Chapter 9, you learned how to store bits using switches. As long as the switches dont change, the 
bits stay the same. But you huve to manually set the switches, and tat s not very eficient. In Chapter 
10, you learned about loge gates and how you can use them to play witi ones and zeroes. Now, FII 


show you ow to use logi gates to make electronic memory iat saves bits, even afier you change the 
input, At the end of this chapter, youl build your own electronic coin ss! 


SAVING ONE BIT AT A TIME 


One simple memory circuits an SR arch You can create an SR latch wh two NOR gutes, and one 
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Q stars at O, and this circuit won't update its ouput ail you use R or S to tll it to, which is 
called latching the bit Sand R stand for ser and reset, respectively: when you set the latch, Q 
anges to 1. When you reset it, Q changes to OAs the SR latch truth table describes, you can set the 
ach by putting a 1 on the S input and a 0 on the R input To reset it, you'd puta 1 on the R input anda 
0 on the S input. Let's look at how setting Q o 1 works. 








‘Setting the memory to 1 Ranting the memang o O 


Rel rae) 





The output roma NOR gate is 1 when all inputs are 0. When S (St) s 1, the output of de Lower 
NOR gate is 0, no mater what that gates other input is, The output is connected o an input on the 
other NOR gate together with R (reset). Because R is 0, you have two Os into the upper NOR gate, 
Which makes Q ouput 


A BETTER MEMORY CIRCUIT 


Myou add a few more gates to the SR lach you can create a latch, which sets the ouput Q 1o 
‘whatever the D input is when the C initis 1. 
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The Dich isan improvement over the SR ath because you ean change D, the data ipu, as 
echas you want, and Q won't stange unless you set C, he conto into. The lower NOR ge 

uput wil alway be the epost d: output Q, ani ditat s labeled Qi show tis 





MEMORY THAT CHANGES ONLY AT A CERTAIN 
TIME 


‘The D latch fas one weakness: when C is 1, changing Dal 
Wam the output to change immediately? 

Computer se a clock signal to tell the cireuits inside when something should happen, like when 
to store new data from a wire. clock signal is just a voltage that turns on and off continuously that 





changes the ouput Q. What if you don't 





it keeps switching between 1 and 0. This signal is similar to the one you sent to the speaker im 
'rojoct #16: Make Your Own Sound with the 555 Timer" on page 16. 
To reduce the chance of errors, actions like calculations or storing data happen only when he 
clock signal switches from off toon or ftom on to oft This i called ege-trigeering. a circuit does 
Something when the clock signal changes from off oon, then that action happens on the rising edge, 
and the circuit is positive edge-tiggered. A circuit tat triggers an action on the falling edge, when 
the clock changes from on to of, is negative edge-triggered. 

A flip-flop ìs a lacht updates its output when triggered hy the edge ofa clock signal, and you 
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The output voltage Q can change only when the CLK voltage changes om hgh o lov, from 110 
10. Here's how that works 
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When CLK is 0, Y and Q don’t change @, When CLK changes to 1 6, Y changes to matchthe D. 
‘pa toD lanch #1. But the NOT gate inverts the 1, setting C on D latch #2 to 0 so Q doesn't change 


AS CLK goes back to 0 ©, C on D lah #2 changes to 1, the value on Y is saved in latch #2, and Q 


changes to match Y, 








NOTE 


Q updates when the clock signal changes from high to low voltage, so this flip-flop is negative 
cedgetriggered. 











“This isthe circuit diagram symbol fra positive edge-sriggered D flip-flop: 
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AN OUTPUT THAT TOGGLES 


Wit a simple wire, you can tim a D flip op into sire that toggles another circuit on and oft: For 
example, imagine you want to tema ig on and off. The D flip-top stores a value on ts input D. 
hen it clock ges fom ow to high volt Gf positive edseigered). If you connect the D fip- 
op's inverted output Quo D, te ip-op's inp wil always be the opposite of. Every time the 
clock inpu riggers, he output Wil change to the opposite value, an the lighe will gale 
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Let's sec tis concept in action! 


For is project, you'll build an electronic coin tosser witha 555 timer, a D flip-flop, a push button, 
and vo LEDs, 

"In Chapter S, you built several 555 timer circuits that switched voltages onand oft A circuit hat 
‘umn a voltage on and off continuously is called an oscillator, ad in this project, you're going 1o se 
an oscillator circuit as an input to the toggling D fip- lop. Do you recognize the oscillator circu in 
this diagram? 
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The $55 mer oscillator circuit creates a cock signal that goes to the D flop, causing the 
‘ouput to switch on and off, or toggle, cominuously as ong as you press a push button. The changing 
ouput iom the D flip-flop turns he LEDs on and of 

When you let gn of he push button, the clock signal fom the 555 imer stops. The flip-flop output 
will stop alternating, and only one of the ivo LEDs will be an: one for beads or the other for tails 








Shopping List 


n 





> A breadboard (Jameco #20601, Bitsbox #CN329) witht Least 30 rows. 


> Breadboard jumper wires (Jaineco 42237044, Bitsbox #CN236)—you'll aed around 20 for this 
project. 


P A SSS timer IC (Jameco #904085, Bisbox HQUODL) to erete the input signal to be counted. 
P Am IC with two D flip-flops (ameco #8004, Bitsbox #QUI93) 

P A standard green LED (Jancco #34761, Bitsbox #0P003) 

P A standard red LED (Jameco #333973, Bisbox 4OP002) 

» Two 220 0 resistors eco 4690700, Bitsbox &CR25220R) for limiting the current to he LEDS, 
P A 100 KO resistor (Jameco #691340, Bisbox CR2SI00K o help set the frequency of th sound 
P A 10 KO resistor ameco #691104, Bissbox #CR2510K) to help set the fequeney of the sound. 


PA LIO resistor (Jameco #690865, Bitshox #CR251K) o wsc as a pull-down resistor far the start 
buton. 


PA 1 pF capacitor Jameco #29831, Bitsbox #ECTUD63) to help set the ftequeney of he sound. 
> A push button Jomeco #119011, Bisbox #SWO87) to “toss the coin” 
PA S V DC wall adapter (Jameco #2126125, Bisbox #TFOIO) to power the circuit 


P A DC barrel jack adapter (Jameco #2227209, Bitsbox #CN424) to connect the w 
breadboard. 











adapter to the 


This circuit uses the positive and negative supply columns on both sides of the breadboard. When 
1 say to connect a component to the negative or positive supply celunn "on b: le,” that means you 
should use one of the supply columns on the let side ofthe breadboard. On both sides, the positive 
Column is marked witha red lint the Ief, and the negative is marked witha blue line to the right- 


Step 1: Build the Oscillator Circuit 
First, let's wire up the 555 tiner: 


1. Plug the 555 timer into the breadboard near the middle. 

2. Connect RI, the 100 K£ resistor, from pin 7 of the 535 timer to the positive supply column on 
the right. 

3. Connect R2, the 1040 resistar, rom pin to pin 7 

4. Connect CI, the 1 uF capacitor, from pin 6 to the negative supply column on the right. you're 
using a polarized capacitor like the one I suggest in the Shopping List, mke sure you connect the 
negative leg to the negative supply column. The negative leg should be marked witha minus ora 
Zero on the capacitor itself. 


5. Connect a jumper wire Bom pin 2 o pin 6 ofthe 555 timer. 








Step 2: Add the Start Button 


Now, connect the push buston beteen pin on the 555 timer and the positive supply column as 
llo 


1. Place the push bution at the very top of the breadboard, across the noch in the middie. By 
connecting it like this, you should ave one side of the switch on the top row and the other side 
nrw 3 

2. Connect a wire ftom pin 4 ofthe 555 timer to the lower pins o be push button (row 3). Connect 
a wire from the uper pins othe puss bution (row 1) to the positive supply olm on the ed. 

3 Conect RS, the 1 kO pull-down resistor, fom the lower ping of the push bition to the- negative 


supply column on the right 





The S55 timer also needs to be powered, Connecta jumper wire Bom pin 1 to the negative supply 
column on e Ie Use another jumper wire 10 connect pin t the positive supply column on he 
rig. 








Step 3: Build the Togele Circuit 
Place the IC with the D fip- Tops marked 74L574- low the $55 timer so that it straddles the 
noch in he breadboard, with the och poing 1o he tp ofthe breadboard. This IC contains two D 
Hips, but you'll use only the D flip-flop on pins 1196. 

Runa jumper wire from the inverted ouput Q on pin 6 ofthe 74LS74 D flip-top to the D-input at 





2. Connect the output from pin 3 on the 555 timer to pin 3 on the D flip-flop, which is the clock 
ipa. 
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The D flip-flop needs power, teo. Connect pin 14 to the positive supply colum on the right and 
connect pin 7 to the negative supply column onthe left. 





Step 4: Add the Heads and Tails LEDs 


Inthe previous project, you used a transistor to power an LED froma logie gate output because the 
gate couldn't provide enough current. This cireuit has the same challenge because D flip-flops are 


justa few logic gates in an IC, but there's a litle trick you can use to get around that limitation. 

“The TALST4 D flip-flops datasheet says this IC will allow only about 0:5 mA to flow when the 
‘output voltage is high, but it allows 8 mà when the output voltage is low- (Search online for 24574 
datasheet it you're curios to read the datasheet for yourself) If you connect the LEDS and resistors 
tothe positive supply column on one side and o the flip-flop output on the other, the LEDs should get 
mA ofcurtent when the ouput is low, turning them on. It may seem strange to connect the LEDs like 
this, instead of connecting them to the negative supply column, but doing so makes the LEDs light 
‘when the output om the gate i 0 instead of 1 


Whatever value Q has, Qwill ways be the opposite. Ifyou connect an LED to each ouput, one 
Tight up and the ler wont Add the heads an tls LEDs as lows 








1. Plug the two LEDs into the bottom of the breadboard, with the red LED on the right side ofthe 
middle notch and the green LED on the left side Place the longer leads (the anodes) inthe 
bottom row and the shorter leads (the cathodes) a couple of rows above. 

2. Connect one jumper wire ftom pin 5 of'the D flip-flop to the short leg ofthe red LED. Then 
sonmect another jumper wire rom pin 6 of the D flip-flop to the short leg of the green LED. 

3. Connecta resistor from each btm row to the positive supply column on cach side (R3 and RA 
fromthe circuit diagram. 








Step 5: Toss that "Coin"! 


Use a jumper wire to connect he left negative supply column to dhe one on the right, and do the same 
{arth two positive supply columns. Then, connect ivo Jumper wires to your barrel jack adapter — 
connect he plus side 10 one ofthe positive supply columns nd connect he minus side 10 one of ihe 
negative supply colum. 


Finally, plug the wall adapter into the barrel jack adapter first and then into thc wall socket. One 
LED should light up right away. When you pash he bution, the LEDs should alternate quickly between 
on and oft Release the buton, and only one should be lit. 

Now, you can use this circuit to make decisions, For example, say you ask yourself, “Should Ln. 
cout and play football this weekend, or should 1 play baseball?” Green means go out and play football 
Ted means baseball. Or, if you're arguing with one of your friends about who pets the last cookie, then 
Tet the coin tosser decide! 








Step 6: What If the Coin Tosser Doesn't Work? 


Finst, check that you're usinga 5 V wall adapter. Any other voltages might not work. 
"Then if one LED is lit but nothing happens when you pus the bution, check ttar the D flip-flop is 
conmected correctly. fno LEDs are lit, there's definitely something wrong withthe D flip-flop and 
LED part of the circuit Caretlly compare your connections withthe circuit diagram at the beginning 
ofthis project. If your circuit isn't working after you know the LED and flip-flop circuits are 
‘connected correctly, then check the 555 timer connections. 
"To help you avoid the same mistakes, I'l share the problems I had when building this for the first 





P1 connected the LEDs to pins 4 and 5 ofthe D flip-flop instead of pins 5 and 6. 
> 1 connected the capacitor to pin 5 ofthe 555 timer instead of pin 6. 
P1 forgot to connect the positive supply column on the left to the ane onthe right. 





You've built a lot 
think is fi Fi 


s 








12 
LET'S MAKE A GAME! 


You've built ll sorts of mal circuits in this book, and each ciet was designed to teach youa 
Particular concept In this chapter, you'll combine all your new skills to build a reaction garme. The 
game has a row of five LEDs that Tight up one ata ime so that a light appears to run back and forit- 

"The goal ofthe game is to stop the light when it’s n the middle of the five LEDs. That gives you 
10 poins. you stop it on an LED nex! to the middle one, you get 5 points. But if you stop it on one of 
the end LEDs, you lose all your points and have to start over from O. Try to reach 50 points! 

You can play this game by yourself'to practice your reaction timme, or with as many friends as you 
wam If you're competing with friends, I suggest giving each player only one attempt at stopping ihe 

ight before the next player gets a turn 
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MEET THE REACTION GAME CIRCUITS 


The reaction game will consist of three circuits: 


> A 555 timer circuit that determines the speed of the game 
» A counter that controls which LED light to tm on 
P An SR latch that will add a reset button and an action buton 


‘This section explains each cireuit, but to help you understand their diagrams, let's meet to new 
cireut symbols. 


Meet the Vec and GND Symbols. 


Circuit diagrams don't always use a battery symbol like the one scd throughout this book: Sometimes 
they se the Fe (or Fig) and GND symbols instead. 


T 4 


Vcapeal NO uml 


oothing in the circuit diagram or its description says otherwise, you can assume tat Vec 
represent the positive side of the battery and tht GND represents the negative side, ar ground. The 
symbols sometimes look a litle different, but the Vec symbol usually shows a wire connecting down. 
fom its symbol to the circuit, while the GND symbol shows a wire connecting up from the symbol to 
the circuit 

In bigger circuit diagrams, like the one you're going to build fom in this chapter, these symbols 
make the diagram mach casier t draw and understand. 





WHY IS IT CALLED Vcc? 


"The positive voltage symbol is called Voc because of old naming conventions. Voc was he 
voltage supplied to the collector side ofa transistor in common transistor cireuits, usually through 
A resistor or some other components. The collector is where the "CC" comes fom 

“You've used a bipolar junction transistor throughout this Book, but here's another type of 
"ramsistor called a field-effect transistor (FET). The pin that equals the collector on this type of 
amino is called e dno volgen va plied o he nin side ofthe FET was 
called Vo. 


A 555 Timer to Set the Light Speed 
The circuit that sets the easton game's speed will be built around a 555 timer, and it's similar to the 
circuits you built in Chapter 8, The components in this circuit diagram will sete game to a 
"modius speed: it's not super fst, and it's not super slow. 


our 





Every time the ouput fromthe 55 timer goes fom low to high, the light moves one step to the 
side. The number of timmes the output ftom the 555 timer goes high per secondi the frequency ofthe 
‘aut, As showed in Chapter 8, the formala for calculating the cquency of the output of the 555 


Popeia- M _ 
urge R3 CI 

The following values fom the 555 mer circuit diagram correspond o that formala: 

RI=100k0 

R= 100 

lar 
Plug these ino the formula, keeping in mind that 1 pF = 0.000001 F and 12002 = 120,000 0, and 

you get this: 





D 
Feequenys a 
WO EO 0 kA + 10kA KT pF 
Frequency = LL 
[IE 
Frequency = Da. 


35,0000 x 0.000001 F 


Frequency = 12 Hz 


"This means he opus will go high 12 times per second and the light wi 





unge places 12 times 


per second, You can experiment with the component values for R1, R2, and C1 later to speed up or 
Slow down the gam. 


A Counter to Turn the LEDs On 


To control the LEDs, you'll use a decade counter, which is an IC that counts input pulses. Every me 
the clock input on pin 14 goes from low to high, the counter increments by one. counts from 0 to 9, 
and it has 10 outs marked 0109. 
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For example, when the counter has counted three input pulses, output 3 (that is, pin 7) is high, and 
the other pins are low. Ifyou comeet an LED to output 3, then when he counter is at three, the LED 
you connect LEDs to several output pins, then as the counter increases, the LEDs turn on in 
order, according to their output pins. When the counter is at 9 and receives a 10th input pulse, it goes 
back oO amd turns the output pins on in order again. 
But the counter counts pulses only if pin 13 is low, This means you can use pin 13 to tell the game 
When to start moving the light across the LEDs and when to stop the light. 
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Each ouput has a resistor to reduce the current through the LED and make sure the LED doesn't 
get destroyed. Because nwo oupu pins connect 1o each LED, the resistors keep the voltage o each 
TED high. even though one output will be low and one will be high The resistors also ensure that two 
‘ats aren't connected directly together, whieh could damage the IC when one output i high and the 
other low. 


A Latch to Start and Stop the Light 
Do you remember the SR latch ftom "Saving One Bit at a Time" on page 240? The staru'stop circuit 
dor this game is a similar SR latch but bult with two NAND gates. (The SR latch in Chapter 11 used 
NOR gates) 

The SR latch is a circuit that can remember a single bit. Its ouput is either O or 1, and it keeps that 
munbcr until it gets set or reset with a new input. 

You can create a circuit dhat tells the latch what to ouput with two buttons: one for setting the 
‘ouput to 1 and one for setng the ouput to 0. Using NAND gates instead of NOR gates means the 
buttons must make the puts low to output a 1 
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In dis cre, it doesn't matier whether you cick the buttons quickly o slowly. The 1-bution 
always sets the ouput to I, and the 0-huton always sets the ouput to 0. 

“That's perfect for the reaction game! Connecting th output to the start sim pin, or pin 13, on the 
decade cowner gives youa button for starting and stopping the LEDs. 


Js time to put all the pieces I showed you together to build the reaction game, This circuit has a lot 
of comections, but 1 know you can mak it Just don't rush. Take your time ad test each part ofthe 
circuit afer the step where Lexplain how to build it 





Lalso recommend using a bigger breadboard tan you've used in the previous projects, because 
this circu is huge! 
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Shopping List 








> A breadboard (Jameco #2212218, Bitsbox #CN204) with at least 60 rows 


> Breadboard jumper wires (Jamcco #2237044, Bitsbox 4CN236) — you'll ced around 35 för this 
project Standard hookup wire works, o. 


> A standard 9 V battery to power the circuit. 
> A9 V battery clip Jamsco #11280, Bitsbox /BATOSS) to connect the battery. 

A S55 timer IC 'ameco #904085, Bitsbox HQUODL) t create the timing- 

> A.10 KO resistor ameco #691104, Bisbox #CR2SIOK) to sehe game speed 

PA 100 ke resistor (Jameco #691340, Bitsbox #CR2S10OK) to set the game speed. 

> ALL AF capacitor Jameco #768183, Bisbox #CCOD6) to set the game speed. 

P ADU decade counter IC (Jameco #12749, Bisbox #QU020) to control the LEDs. 

» Two standard blue LEDs (Jameco #2193889, Bisbox #0P033) 

P Two standard red LEDs (Jameco #333973, Bitsbox #0002) 

» A standard green LED (Jameco #34761, Bisbox 4OPUOS) 

» Ten 1000 resistors (Jameco #690620, Bitshox 4CR2S100R) for limiting the current to the LEDs 


>A 4011 NAND-gate IC (Jameco #12634, Bitsbox #QUOIS) to create the SR lach for starting and 
stopping the game. 


> Two 1 resistors (Jameco #690865, Bitsbox #CR251K) to actas pull-up resistors for the 
sare circuit 


P Two push buttons (Jameco #119011, Büshox #SWO87), one for resetting th game and one for 


playing. 


Tools 





P A wire cutter (Jameco #35482, Bitsbox PTLOOS) to cut small pieces of wire 


> A multimeter (Jameco #2206061, Bitsbox #TLOST, Rapid Electonics 459-8662) o debug your 
circuit i ts not working correctly. 


Step 1: Build the 555 Timer Circuit 
Plug the 555 timer ito the breadboard all the way at the top so that youl have room for the other 
pars ofthe circulis farther down. Then, connect the capacitors and resistors to he IC according 10- 
this projects circuit diagram. The capacitar 1 suggest in this project's Shopping List is a 
ogpolarized capacitor, so it doesn't mutter which way you connect it. If you use a polarized 
‘capacitor instead, connect it according to the plus marking în the circuit diagram 

Use wires to make connections as needed, as T show in this breadboard diagram. 





555 fimer 





In dis project, is best to use the supply column pairs on both sides to make connections easier 
and keep everything as idy as possible. The breadboard that I recommend in this project's Shopping. 
List doesn't have blue and red markings, but the positive and negative columns are the same as in 
breadboard with the stripes. The left and right sides of the breadboard each have a pair of supply 
‘columns, The positive supply column is the left column in each pair, and the negative supply column 
is the right column in each pair. Use a red wire to connect t positive column on one side to the 
positive column onthe other side, and do the sume wing a black wire with the negative columns, 

As you follow my instructions, connect everything in the 555 timmer cireuit tat should connect to 
Ver: to one ofthe positive supply columns, and connect everything that should connect to GND to one 
ofthe negative supply columns. 





NOTE 


This circuit connects the 555 timer în astable mode, just like the 553 timer circuits in Chapter 
4 Read "Meet the 555 Timer” on page 164 for a deseription of exactly how this IC works You. 
can also build the projects in Chapter 5 to practice using the 335 timer: 











Before you move onto the next step, check that this circuit is working by connecting an LED with 
a resistor 1o the output of the 555 timmer as follows: 


1. Connect the negative side (short leg) ofan LED to the output on pin 3 af the 555 timer. 


2. Connect the positive side (log leg) of the LED to a 100 £ resistor, and connect the other side of 
this resistor to the positive supply column. 


3. Connect your batery clip to one ofthe supply column pairs as usual. Then plug in the battery to 
chock ihat the circuit works. 
your LED blinks 
find out where the error is 
When you know the 555 timer circuit works, unplug the LED, 100 0 resistor, and battery clip. 





y fas, then you're ready to move on. If not, recheck your connections to 


Step 2: Build the LED-Controlling Circuit 


Now, you're going t connect the 4017 decade counter with resistors and LEDs. There are a lot of 
connections so take as much time as you need o get themall correct. 

Plug the 4017 decade counter imo the breadboard so thut the idle ofthe decade counter is 
around row 20, with the chip marker pointing up toward row 1. Then, take out five LEDs and ten 100 
D resistors, 

Connect each LED's negative (short) leg to the negative supply colum on the right, and connect 
sach positive (log) lego its own empty row în the component area on the right. Place the green LED 
Inthe middle, the two blue ones on each side ofthe green LED, and the red ones on each end. 

“Then, connect the ten 100 £ resistors. In the circuit diagram, notice that pins 1 to 7 and pins 9 to 
11 ofthe 4017 decade counter cach connect tw one side ofa resistor. The other side of each resistor 
needs to be ona row by itself. Take care to ensure the resistor legs dont accidentally touch one 
another. Look at the following breadboard circuit i see how I connected them 








Now, connect the LEDs to the resistors on the 4017 decade counter, and connect the decade 
counter circuit to the 555 timmer circuit according to the circuit diagram Jumper wires are the best 
‘vay to make those connections, 

From each resistor, connect a jumper wire to the corresponding LED. Look at the circuit diagram. 
and notice, for example that the other side of the resistor connected to pin 4 of the 4017 decade 
counter shouid connec! o the positive pin af the green LED in the middie. Go rough the pins in the 





circuit diagram to figure out which LED to connect cach resistor to. 

Connect pins $ and 15 ofthe 4017 decade counter to the negative supply column, and connect pin 
16 o the positive supply column, Use a wire to connect the output fromthe 555 imer (pin 3) nte 
clock input of he 4017 decade coute (pin 14). 

Make sure that you huve positive an negative connections in all of your power supply columns, 
The breadboard I recommend in this project's Shopping List (page 267) divides its power supply 
‘columns ito wo sections, one upper and one lower. Just connect each ofthe upper and lower halves 
on the left side with a wire t bridge the gap, as shown Do the same on the right side. Alternatively, 
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You can use a jumper wire, or you can cut offa small piece of wire as I've done in this phot. 
Then, use vo long jumper wires to connect the lower-left power supply columns with the two lower- 
right columns. When you're done connecting the two circuits and all the power supply columns, your 
breadboard should lok like this 





Before building the nex part ofthe circuit, check that your LED-controlling circuit is working 
sorrce too. To test it. just connect pin 13 onthe 4017 decade counter -that is, the "disable" pin— 
tothe negative supply colum with a jumper wire, and plug your battery clip and battery into the 
breadboard as sal. You should sce a light “running” back and forth across the raw of LEDs. 

Ino LEDs light up, first check dut you've connected the 4017 decade counter with the notch 
pointing upward. Connecting the chip the wrong way is an casy mistake to make. I've done it many 

Next check that pin 16 ofthe 4017 decade counter is connected to the positive supply column and 
ibat pins K and 15 connect the negative supply column, Also, confirm that you've connected the 
LEDs with their short legs in the negative supply column. 

some LEDs work and some don't or ifthe light doesn't run smoothly back and forth, look over 


all the connections of resistors and jumper wires to find the fault. 
After verifying that your circuit works, remove the wire connecting pin 13 ofthe 4017 decade 
counter to the negative supply column, and disconnect the battery from the breadboard. 


Step 3: Build the Start and Stop Circuit 


The last picce ofthis project is the buton circuit that tar and stops the LEDs. Make these 


1. Connect one push button at the bottom of the breadboard, across the notch in the middle. Plug the 
4011 NAND-gate IC into the breadboard, a couple of rows above the bunian. Make sure its chip 
marking points toward row | on the breadboard. 

2. Place the second button above the IC on the right component side so that it's easy to reach it with 
your finger, 

3. Connect the nwo resistors, RIS and R14, as shown in the circuit diagram Then, usc jumper 
wires to make the remaining connections in the SR lac circuit, as shown in the follow 
breadboard diagram Connect the positive and negative supply columns to the NAND-gate IC 
(pins 14 and 7, respectively), and connect the wire from pin 11 of the NAND-gate IC io pin 13 
he 4017 decade counter. 








‘Compare your connections to the following image. 
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Step 4: Practice Your Reaction Time! 
All hts ets to connect the battery to the supply columns. The button at the bottom of the board is 
the Reset button Ue this to start the game and to restart the game afier cach player attempts t stop 
the light. 

"The buton next to the LEDs should stop the light when the game is running. See how many turns it 
takes you to get to 50 pois! 


Step 5: What If the Game Isn't Working? 
{yu followed my instructions so far, the circuits from Steps 1 and 2 sould be working II your 


circuit isn’t working, the only sources of error left are the start/stop circuit you just built and the 
Connection from this circuit to the 4017 decade counter, 


A. Check the Continuity 
Firs, check that you don't have a short circuit between the positive ad negative columns. To do this, 


use the continuity function on your multimeter. A continuity test checks for a direct connection 
between wo points in a circuit The symbol for the continuity tester usually looks like the one shown 
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You don't want a direct connection between the positive and negative columns because that would 
shortcircuit the battery and stop the game from working. Use the continuity tester o check for short 

Turn the dial on your multimeter so that it points toward the continuity symbol Pug the black 
‘measurement lead into the miltimeer's COM socket, and plug the red measurement lead into the 
milinetr's V socket. Touch the tip of the black and red measurement leads o each other, and you 
should hear a beep o indicate hat there's a direct connection. 








NOTE 


Many electranis enthusiasts also call continuity made beep mode. 











B. Check for Bad and Good Beeps 


Now, plug your banery clip ito the breadboard as you would normally, but without the battery. 
Touch one measurement lead tip to the positive connector and the other to the negative connector. If 
you hear a bep there's a short circuit, and you need to fix it! Check all your connections o the 
Positive and negative supply columns, 





Next, check the connection Between pin 11 on the 4011 NAND-pate IC and pin 13 onthe 4017 
decade cowner to make sure they're connected correctly. Use the continuity tester to check that you 

have a connection by carefully touching the lead tips on the IC pins. There isn't mach space between 
IC pins, so take care to be sure each tip only touches the correct pin: This time, a beep is a good sign. 





C. Check for Power 


Mibe connection to the NAND-gate IC is correct, use a multimeter to measure the ouput voltage fom 
the sari stop circulo see whether i's working correctly. Set your multimeter o measure voltage, 
Make sure the black measurement lead is connected o the multimeter"s COM socket, and the red. 
measurement ead is connected to the V socket, 

“Touch the tip ofthe black lead of the multimeter to the negative side of the battery, and touch the 
red lead to pin 11 onthe 4011 NAND-gnte IC. You should see a high signal. about Vader 
‘clicking the stop buton and alow signal about O V— aer pushing the start button. If not, check the 
‘connections ofthe SR latch circuit to find the error, 














TRY IT OUT: CHANGE THE LIGHT’S SPEED 
“To change the speed and difficulty ofthe game, play around with difierent values for RI, R2, and 
Cl around the 555 timer. Smaller values will mike the game go faster. Larger values will make 


the game po slower. Flip to "How to Set the Opi Speed of the 555 Timer” on page 166 for the 
calculations o figure out specific resistor and capacitor values based on the frequency you want. 








ADD A BUZZER TO YOUR GAME 


Congratulations: You've finished the lst project in the book! Now, its up to you to decide what to 
mike next If you're not sure where tp start, why not add more circuits t your reaction game? 

"The LED in the middle ìs where you want the light w stop, and I suggest adding a sound circuit 1o 
bring some excitement o hitting your target To do this, you could use an active buzzer like he one in 
"Project #2: Inrder Alarm on page 11, as shawn in ihis partial circuit diagram. 






































The darker part of dis circuit shows new components you'd ecd in order to add a buzzer to the 
reaction game project, The lighter components are just a section ofthe original circuit diagram 
Connect the positive leg of the middle LED through a 1k resistor to the base ofan NPN 
transistor. Then connect the buzzer to the transistors collector. Connect the positive side of your 
bariery to the other side af the buzzer, nd connect the negative side of the battery to the transistor's 
You should end up with a circuit that makes a litle beep every time the light passes the middle 
LED. If you can stop the light on the middle LED, the buzzer should beep continuously to indicate tiat 


you've hit the main target. 
‘When you've customized the game to your liking solder it ono a prototyping board. Maybe you 
even want to place it ina nice Box hid the electronics and show only the buts and LEDs. 


EXT? GO MAKE COOL STUF 
sad the hook all the way to the en! I hope you've enjoyed the projects, and 
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NDY RESOURCES 


Here are some resources iat youl find useful when building projects with electronics, Use this as a 
reference when, for example, you need o figure out what the color bands ofa specifie resistor mean. 
Tve also listed some websites where you can comino learning and find more projects to build. 








COMPONENT AND UNIT VALUE CHEAT SHEETS 


Throughout this book, you'll use lots of components, and there are as many ways to rend those 
componens as there are component pes Here are some handy chet sheets o help you read 
Tesistors and capacitors and to help you remember what the different prefixes on unis like vols and 
amperes mean. 


Resistor Color Codes 
Most ofthe resistors in this book have four color bands, To determine a resistor’s value, just lookup. 
its colors in the following diagram and multiply accordingly. Far example, to get 470 0, you'd 
multiply the uber 47 (given by the yellow and purple bands) by 10 (given hy the brown band). For. 
more details on resistors, see “Meet ihe Resistor” on page 70. 





di und lr ilarara 
ds 


de 
E " Em 
ES ES uuu pug 
Capacitor Codes 


Inte following table, I've listed the most common capacitar codes. Refer to this table when you're 
using ceramic or tantalum capacitors because unlike the electrolytic capacitors sed in much of his 
book, those won't have their capacitance written straight out for you- 





i am on 
w dom 1 
103 10,000 10 
10% 100000 100 

1,000 


105 1,000,000 


you have a capacitor with a different code from those listed here, you can find he value in 
picofirads by taking the first vwo digits ad adding the number of zeros ofthe third digit 


anbar of 
aara oad 


fest ue de 
often 


able 


Indis example, the capacitor has the code 473. Take the frst two digits, 47, and add the number 
of zeros specified by the third digit, 3. That gives you 47,000 pF, which is 47 nF, or 0.047 pF. 


Standard Prefixes 


When building electronics projects, as in many areas of science, we sometimes have to deal with 
really small or really big mumbers. Fortunately, there's a set of standard prefixes in the International 
System of Units to ke those numbers easier to wrie. The prefixes are multipliers, as shown inthe 


table, 





p pico 


a mm «0000000001 


A miero = 0.000 001, 


mili = 0.001 


= 0.000 000 O00 OO Capacitor values 


(example: 47 pF capacitor) 
Capacitor values 
(example: 100 nF capacitor) 
Capacitor values 
(example: 10 uF capacitor) 


(Currents in a circuit 
(example: 20 mA current) 


Feed sae ‘Voltages often don't have a prefix (example: 9 V battery) 


k kiio = 1,000 Resistor values above 1000 
(erample- 10 resistor] 
M mega 1,000,000 File sizes 


(example: 2MB photo) 
G gim 100000000 File sizes 
(example: IGB video) 


T demo *1,000,000,000,000 Hard disk sizes 
(example: 2TH hard drive) 





A QUICK REVIEW OF OHM’S LAW 

Ohm's Iaw is such an essential part of calculating values in circuits that you'll keep coming back to it 
again and again as you build more projects, Whenever you need a refresher on figuring out a voltage, 
current or resistance ina cireuit, just fip to this section 





F=1 4 R Voltage (in volts) equals the current (in amps) multiplied by the resistance (in oh) 
V. Current (in amps) equals the voltage (in volts) divided by the resistance (in chins) 
R 
V Resistance (in ohms) equals the voltage (in valts) divided by the curent (in amps) 
1 


Inthe Ohms lw equation, you must use volts (V), amps (A), and ms (£2), so remember to 
convert units if necessary: 1 mA = 0,001 A and 1 KO ~ 1,000 Q. 





A BASIC VOLTAGE DIVIDER CIRCUIT 


The voltage divider is a circuit that is very wef, for example, when you have a sensor based on 
resistance, such as a thermistor, which senses temperature, or a photoresistor, which senses light Sce 
Project #15: Build a Sunrise Wake-Up Alarni” on page 148 for a project that uses a voltage divider 
ike this. You can also use your knowledge of the voltage divider to calculate voltages within a 
cicutinonderto understand what's going on. 

When you have to resistors in series, they forma voltage divider. The input voltage gets divided 
beween the two resistors, and the ouput voltage (across R2) is given by the formula: 
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ONLINE ELECTRONICS SHOPS 
“Throughout the book, recommend shops where you can buy your parts, but thse arent the only great 
elccronics stores in the world! Try these, too: 

> Adifiit (US) wvwadafruit com. 

> DigiKey (US) eve digikes com 

> Jameco (US) wen jameco com 

> SparkFun (US) wwv:sparkfn.com 

> Bitsbox (UK) wn: bisbax cou 

> Quasar Electonics (UK) wiv: quasurelectronies.co.uk 

P Rapid Electronics (UK) ww rupidonline com. 

> Spiratronies (UK) winspivtronies.com 

P Farell (worldwide) wis farnell.com 

> Protasack (Australia) wwn:protastackcom 

P Seeed Statio (China) van seeeditudio com 

» Tayda Electronics (Thailand, US) ewiciaydaeleetrontcs eon. 


ONLINE RESOURCES 


When you're done with this book, you can keep leaming about electronics 
dist) Youll find tons of fin trials and otber projects at these sites: 





line (Ask your parents 


Adafruit (pss/Iearn adafrui com). Lots of guides based on the components they se 
Build Electronic Circuits (htp:/www.build-electronic-cireuiscom/) My personal blog 





where I post tutorials, videos, articles, and so on—all about electronics. I also have a free 
mevsleter with wef tips and tricks or your projects 

Electronics Cub (htip:/wwwelectromleselub.infa”) A website for anyone wishing learn 
about electronics or build simple projects, created and nuintained by John Hewes, the technies 
reviewer ofthis book. 

Oli (hp:/jevohmifieom). My online learning platform with comes, project horas, 
discussion forums, and more: Get cool step-by-step project tutorials, sk questions, make rends, 
and learn. Owners ofthis book geta special offer by going to http: //www.ohmaify. comet 


SparkFun (Rgps/Tearnsparkfur.con:) Lots of guides based on the components they sell. 








You can also visit this book's website at Attpss/wnew.nostareh.cøm/electraniesforkids/ for 
additional resources, updates, and more. 
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555 timer, 164-166 
making sound using. 167-175 
setting ouput speed of, 166-167 
"sing for reaction game speed, 260-261 
HF (microfarad), 92 
Jo obs) 7,70 


A 
A amperes), 7 
AC (alternating current), 48-49 
adapters, 226 
slam projects 
intruder, 11-17, 108, 236-257 
sunrise, 148-157 
alternating current (AC), 48-49 
American wire gauge (AWG), 83 
amperes(A),7 
ams 
AND gates, 216,217 
AND operator, 215 
anode, 75 
ASCI code, 201-202 
astable mode, 165 
atoms, 6 
AWG (American wire gauge), K3 


B 
barrel jack adapters, 226 
base, 132 
base-2 mmber system, 188 
base-10 number system, 188 
batteries 
chemistry of 56-58 
fod, 65 
leman, 58-66 











what's inside, 55-56 
beep mode, 277 
binary numbers, 188-190 
converting to decimal, 190-192 
coming on fingers, 212 
‘why computers use, 211 
bits, 193 
blinking hts 
for reaction game, 265-278 
99-100, 101-108 
Boolean logie, 214 
braid, desoldering. 125 
brendboards, 81-83, 84-87 
buzzer 
adding to reaction game, 
in inde alarm, 13-14 
in sumeise alarm, 153 
bytes, 193 


c 


capacitance, 91 
capacitors, 90-91 
‘odes for, 283 
coupling, 171-172 
Polarized and nonpolarized, 91-92 
testing, 92-95 
cathode, 75 
charge, electric, 6 
cheat sheets, 282 
icit boards, 111 
illustrations of, 121 
circuits, 8-10 
ingams of 95-97 
loge, 212 
making reliable, 227 
‘clock signal, 242 
closed circuit, 8 
closed loop, £ 
codes 





270-280 








for capacitors, 283 
fr resistors, 70-72, 25 
secret, 218-219, 

coin tosser projet 245-2 

collector, 132 

collector current (L3) 

for resistors, 70-72, 282 

color guessing garme project, 194-200 

COM (common pin), 98 

common anode, 195 

common cathode, 195 

common pin 
in relay 98 
inswitch, 29 

components 
piering, xviii 
Where to buy, 286 

conditions, logical 214-215 

conductive materials, 6 

continuity, 276 

counter, decade, 262 

coupling capacitors, 171 

eurem, 5, 7-8, 73,222 














color code 





72 





D 


datasheets, 103, 162 
DC (direct curren), 48-49 
debugging, 174 
decade cowner, 262 
decimal numbers, 188 
desoldering 125 
braid, 125 
howto, 126-129 
fey tip, 128 
D tip-top, 242 
diaphragm, 163 
DIP (dual in-line package) switches, 204 
direct current (DC), 48-49 
D latch, 241 





drain, on FET, 
ual in-line package (DIP) switches, 204 
dynamo, 66 


E 


edge-tiggering, 242 
electrical current, 5, 7-8,222. 
clecrically charged particles, 6 
elecriciy, 5-10 
‘creating Som water or wind, 46 
generating with magnets, 44-46 
electrodes, 56 
inserting into lemon, 61 
electrolytes, 56 
cleciromagnets, 19, 22-23 
‘creating your own, 23-31 
in loudspeakers, 163-164 
an relays, 97-100 
electronics stores, 286 
electrons, 6-8 
emitter, 132 





F 


F (Larads), 91 
false (Boolean valus), 214 

fan, temperature-comrolled, 157-1 
rade (F) 91 

FET (field-effect transistor), 260 
iplo, 242 

onting input, 227 

"equency, 164, 16. 

Fritzing (software), 121 





G 
ues 
color guessing, 194-200 
LED reaction, 265-278. 
generators, 45-46 


creating your own, 49-54 
sing motors as, 55 





Hz ther), 164 


1 
(collector current), 222 
IC (integrated cireuin), 161 
instrument, musical (project), 
insulation 
adding to wire with marker, 38 
removing Gom wire, 26-27 
integrated ciet (1C), 161-163 
International System of Units, 284 
intruder alarm project, 11-17, 108,236-237 
inverter, 217 











J 


joins, soldered, 113, 
Jumper wires, 83 





16,117 


K 


Kilo prefix (b), 72 
Kiss, electronics, 129 


L 


Jorge values, prefixes fòr, 72,284 
latching, 240-241 
DRS (light-depeadent resistors), 146 
LEDs (light-emitting diodes), 58-59 
‘blinking, 101-108, 265-278 
brighness of, varying with resistunce, 144 
‘controlling with transistor, 135-136 
destroying, 74-76 
guessing color gare, 194-200 
identifying legs, 75 





placing on breadboard, 85 
powering, 78-81 
reaction game, 265-278 
RGB (red-green-blue), 195 
wing correctly, 76-78 
lemon batteries, creating, 56, 58-66 
ight bulb, 4. See also LEDs (light-emining diodes) 
connecting to battery, 5 
project 4-5 
ist dependent resistors (DRS), 146 
igh-emiting diodes (LEDs). See LEDs (ligh-emiting diodes) 
loge, 214-215 
circuit diagrams, hos to draw, 
cinis 212 
‘equation 215 
ates, 215-218 
negative, 237-238 
in real ife, 220-221 
loudspeaker, 163-164 

















an 





M 
M (mega) preis, 72 
magnetic fields, 20, 44-45 

21. See also clectronmgncts 





amperes(A) T 

rads (F), 91 

hertz (H2), 164 

ohms (0), 7, 70 

prefixes tor, 72, 77, 92,284 

vols (V). 6 
mega preix (M) 72 
memory 

cinis, 240, 241 

in computers, 211 
messages, secret, 202-211 
miero prefix (u), 92 
microfarad (uF), 92 
motion-comrolled instrument, 183 


motors, 31-32, 
creating your own, 32-40 
curre needed for, 222 
sing as generators, 55 
protecting transistors used with, 234 
milietr, 47-49 


musical instrument project, 175-183 


N 
NAND gate, 237 
mano prefix (o) 92 


manofarad (nF) 92 
NC (normal closed), 98 
negative edpe-triggered circuit, 242 
negative logie gates, 237-238 
negative supply column, 81 
neutrons, 6 

nF (nanoarad) 92 

NO (normally open), 98 
nonpolarizd capacitors, 91 
NOR gate, 237 

normally closed (NC), 98 
normally open (NO), 98 
north pole, on a magnet, 20-2 
NOT gue, 217 

NPN transistor, 15 
meis, 6 
munbers, binary and decimal, 











o 


Ohm (website), 280 
ms (0). 7, 70 

Oms law, 73-74, 284 

ones and zeros. See binary numbers 
online resources, 286 

OR gute, 216 

oscillator, 245 


P 


p (pico) prefix, 92 
pars 


gering, viii 
‘where to buy, 286 


pF (picofarad 92 
photorcsisors, 146, 148, 149, 183 
pico prefix (p), 92 

picofarad (pF), 92 

pinous, 103, 165 





inswith, 28-29 
pixels, 193-194 
Polarized components 

capacitors, 9 

LEDS, 75 
poles, on a magnet, 20-21 
positive edge-triguered 
positive supply column, 81 
potato bateries, 65 
Potentiometers, 145, 146, 149 
power, 45 
power plans, 46 
prefixes, units, 72, 77, 92, 284 
Projects 

alams 

intruder, 11-17 
sunrise, 148-157 

binary numbers, converting to decimat, 190-192 

‘breadboard circuit, 84-87 

capacitor, testing, 92-95 

coin tosser, 245-254 

olor guessing game, 194-200 

desoldering. 126-129 

electromagnet, 23-31 

Benerator, 49-54 











LEDs 
‘destroying. 74-76 
powering, 78-81 
lemon battery, 58-66 
ligh 
blinking, 101-108 
turning on, 4-5 
mor, 32-40 
musical instrument, 175-183 
reaction game, 265-280 
secret code checker, 223-235 
secret message machine, 202-211 
soldering, 118-125 
sound, with 555 timer, 167-175 
touch sensor, 136-144 
protons, 6 
prototyping boards, 120, 129, 140 
pull-down resistor, 227 
push butons, 180-181 





R 


reaction game project, 265-278. 
red-gremblue (RGB) LEDs, 195 
relays, 97-100 
adding to inrader alarm project, 105, 236-237 
‘blinking a light using, 99-100 
resistance, 5,7-8, 73 
‘calculating for LEDs, 77-78 
illustration of, § 
variable, 144-145 
resistors, 70 
‘color codes fr, 70-72, 282 





cing on breadboard, KS 
pull-down, 227 
Variable, 146 
resources, 281-288 
RGB (red-green-bluc) LEDs, 195 
rotor, 33, 35-36 





s 


salt, xiii vi 
with battery lemons, 58 
soldering, 113-114, 128 
trimming wires, 22-123 
using resistors, 73 
using supermagnets, 34 
schemiics 95-97 
screw terminals, 226 
secret code checker 
adding to intraler alam projet, 236-237 
project, 223-235 
secret message machine project, 202-211 
sensors, touch, 136, 144 
series, batteries connected in, 57-58 
shake generator project, 49-54 
short circuits, 156, 174 
single-strand wires, 83 
small values, prefixes fòr, 77, 284 
solder, 111-112 
melting temperature, 
wick, 125 
soldering 
avoiding bad joints, 117 
desoldering, 125-129 
howto, 112-117 
iron, 113 
cleaning, 115 
stand, 14 
timning, 115 
safety tips, 1 
supplies, 112 
sound, 163-164 
555 timer project, 167-175 
creating with electricity, 163-164 
musical instrument project, 175-1 
south pole, on a magnet, 20-21 
sponge (for cleaning soldering i 
SR latch, 240-241, 263-264 














12 








14,128 








a}, 115 





stripping wires, 26-27 
sunrise wake-up alarm project, 148-157 


supplies 
dndherig, xviii 
Where to buy, 286. 

switches, 10-11 


connecting typical, 28-29 
controlling a ligh bul with, 11 
DIP, 204 

push butions, 180-181 

relays, 97-98 

symbol fr, 96 


vs. tunsstrs, 133-134 
synthesizer, 175 


T 


teamwork, for debugging, 174 
‘emperatre-contlled fin, 157-158 
theaistrs, 157 
timer (555), 164-166. 
raking sound using, 167-175 
setting ouput speed of, 166 
sing for reaction game speed, 260-261 
timing. 115 
toggling output, with D flip-flop, 246 
tolerance, of resistors, 72 
touch sensor project, 136-144 
transistors, 132-136. 
‘bipolar junction, 134 
«controlling LEDs with, 135-136 
curren, finding maximum, 222 
FET (field-effect), 260 
how they work, 134 
NPN, 132, 134 
why io se, 133-134 
true (Boolean value), 214 
truth ubles, 216-217, 238, 240, 241 
tutorials, online, 286 








U 


units of measurement. 
amperes (A).7 
rads (F), 91 
here (Ha), 164 
ohms (2),7, 70 
prefixes for, 72,77, 92,284 
volts (V}.6 


M 


V (volts, 6 
variable resistance, 144, 145 
variable resistors, 146 
Ncc symbol 259, 260 
Von symbol, 259, 260 
voltage, 5, 6-7, 73 
of baneries, 57-58 
dividers, 146, 147, 285 
‘calculating the voltage from, 147 
measuring light with, 148 
how to measure, 47-48, S4 
fom wall adapters, 226 








volis(V),6 
w 
wall adapter, 


Water, generating elestriciy with, 46 
water analogy, for electrical currens, 9-10 
wick, solder, 125 
wind, generating electricity with, 46 
wiper (pin), 145 
wire citer, 26-27 

adding insulation to, 38 

connecting, 16 

tonup, 54 

jumper 33 

Preparing for lerma banery, 60 

single-strand, 33 

sipping insulation ftom, 26-27 


x 


XOR gate, 238 


Electronics for Kids is set in Century Schoolbook, Filmotype Candy, Houscarama Kingpin, 
TheSansMono Condensed, and Billy the Flying Robot. The ook was printed and bound by TC 
Transcontinental Printing in Beauceville,Quibec, Canada. The paper is 70 Husky Offset, which is 
cenified by the Forest Stewardship Council (FSC), 

"The book uses an Orbin binding. in which he pages are bound together with a cold-set, flexible 
glue, and the first and ast pages of the resulting book block are attached to the cover. The cover is no 
setualy glued to the book's spine, and when open, the book lies flat and the spine docs t crack 





RESOURCES 


Visit ips:/wwwnostarch comvelectronesforkidy/ for updates, errata, and more information. 
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REAL ELECTRONICS. 
REAL EASY. 





Why do the lights in a bouse nen on when you flip a switch? How does a remote-cotolled car 
move? And what makes lights on TVs and microwaves blink? The technology around you my seem 
ike magic, but most of it wouldn't run without electricity. 

Electronics for Kids demystifies electricity with a collection of awesome hands-on projects. In. 
Part 1, you'll learn bow current, voltage, and circuits work hy making a battery out fa lemon tning 
a metal bolt into an electromagnet, and wansforming a paper cup and some magnets into a sping 
motor. In Part 2, you'll make even more cool stuffas you: 








+ Solder a blinking LED circuit with resistors, capacitors, and relays 


+ Turna circuit into a touch sensor wing your finger as a resistor 





+ Build an alarm clock triggered by the surrise 





+ Crente a musical instrument that makes sci-fi sounds 


“Then in Part 3, you'l learn about digital electronies—things like logic gates and memory circulis 
—as you make a scere code checker and an electronic coin flipper. Finally, you'll use everything 
you've learned to make the LED Reaction Game—test your reaction tme as you try to catch 2 
blinking light 

With its clear explanations and assortment of hands-on projects, Electonics for Kids will have 
you building your own circuits in no time 
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Chapter 9: How Circuits Understand Ones and Zeros 
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